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FOREWORD 

L 

Hiis  is  the  third  la  a ser'es  of  three  reports  prepared  for 
the  Office  of  Hav&l  Research  i ’id:  r Contract.  Jfonr-124Q(00) . It 
presents  a detailed  analysis  of  -■  Urn*  missions. 

The  two  preceding  reports  nave  included  a staaar..;'  cf  the 

I results  of  'Rue  Glenn  L.  Martin  ^ mpany’s  first  year  of  study  of 

the  potential  of  water-based  ai  -raft  and  an  analysis  of  transport 
missions: 

I KR  66 00  Water-Based  Aircraft  - An  Analysis  of  ISaeir 

Potential  - Swmai'y  Report 

I ER  6601  Water -Based  Aircraft  - An  Analysis  of  Uteir 

Potential  - Transj:  ’-t  Missions 
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SUMMARY 


In  attack  aircraft  missions,  as  well  as  transport  missions, 
the  water  basing  of  aircraft  provides  the  flexibility  and  mobility 
necessary  for  modem  warfare.  Hiis  conclusion  was  reached  in  a 
study  by  Hie  Ciena  L.  Martin  Company  for  the  Office  of  Naval 
Research  on  the  potential  of  water-bare!  aircraft  f.r  the  195^- 
1960  design  period. 

Water  basing  the  attack  aircraft  does  not  Impede  high  per- 
formance. The  prime  importance  of  successful  operation  at  the 
target,  against  the  severest  enemy  opposition,  calls  for  water- 
based  aircraft  with  performance  in  the  air  equal  tc  land-based 
aircraft.  This  can  be  achieved  by  equipping  the  aircraft  with 
non -buoyant  hydroskis. 

A typical  laud -based  attack  aircraft  can  be  water-based,  with- 
out any  change  in  aerodynamic  performance  or  weight,  by  using 
retractable  skis.  Though  the  weight  is  the  same,  the  space  required 
to  stow  the  retracted  skis  is  less  than  that  required  for  retracted 
wheels . This  additional  space  can  he  used  to  advantage  by  enlai  ig 
the  bomb  bay.  However,  the  advantage  of  the  larger  bomb  bay  has  not 
been  considered  here;  it  is  beyond  the  scope  of  this  study. 

An  examination  of  the  techniques  required  for  the  operation 
of  non -buoyant  hydroski  aircraft  includes  growid  handling,  servicing, 
ground -run  acceleration,  and  water  run  for  take -off  and  landing. 
Current  experience  on  smaller  aircraft  Indicates  that  satisfactory 
hydroski  operation  is  feasible.  Development  work  should  be  continued. 

Compared  to  wheeled  aircraft,  operation,  the  ski -equipped  attack 
aircraft  system: 

1)  Requires  less  preparation  of  tie  Vase  area; 

2)  Can  use  s wider  variety  of  landing  surface  and  servicing 
facilities;  and 

3)  Has  improved  blind  landing  jualities. 

An  investigation  of  the  targets  and  the  range  requirements  of 
th'.  attack  aircraft  showed  the  necessity  for  wax  la  urn  base  mob  lity 
and  protection  against  enemy  attack.  An  analysis  or  dispersion  prcblc 2 
and  the  relative  vulnerabill ties  to  attack  gave  a decided  advantage  tc 
the  water-based  system.  Requirements  for  base  mobility  with  ainimua 
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+»OSlf^C  SUpport  1x1  tenap  of  material,  cost,  and  time  (so  vital  to 
the  modern  concepts  of  mobile  warfare)  were  best  fulfilled  by  the 
water-based  aircraft.  Ibis  was  determined  from  several  types  of 
basing  systems,  ranging  from  seal -permanent  to  aamll  airheads.  It 
was  found  that: 

1)  The  establishment  of  a water'  base  requires  one-half 

to  one- fourth  of  the  logistic  tonnage  and  a — shorter 
time  than  the  establishment  of  a land,  base;  and 

2)  The  costs  in  manpower  and  dollars  are  correspondingly 
lower  for  the  water  base,  especially  where  frequent  moves 

email  air  groups  are  involved. 

^ **°bility  °r  water-baaed  attack  system,  coupled 

wi^availabiUty  of  suitable  water  bodies,  gives  it  greater 
flexibility  than  the  land-based  attack  system. 
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INTRODUCTION 


Recent  greet  advances  in  the  design  of  water -based  aircraft 
have  brought  a reawakened  Interest  in  the  possibilities  of  per- 
forming military  operations  free  the  widely  available  water  bodies 
of  the  world,  rather  than  from  fixed  and  vulnerable  land  bases. 

In  order  to  obtain  a valid  appraisal  of  the  potential  of  water - 
based  aircraft.  The  Glenn  L.  Martin  Company,  under  contract  to  the 
Office  of  Raval  Research,  has  been  conducting  a cooperative  evaluation 
of  water -based  and  land-based  aircraft  performing  military  missions. 
Hie  results  of  the  fir Jt  year's  study  are  stmemarited  In  Ref.  1. 

In  this  study,  it  was  determined  that  four  basic  types  would 
provide  an  over-all  picture  of  military  aircraft.  These  types  are 
Transport,  Mlne.bayer-Bomber,  Attack,  and  Interceptor.  For  Attack 
and  Transport,  the  studies  were  carried  out  in  sufficient  detail 
to  warrant  separate  reports.  This  report  is  an  analysis  of  the  attack 
aircraft.  The  transport  aircraft  is  presented  da-detail  in  Ref-  2. 

Attack  aircraft  have  medium  payload  and  range,  versatility,  and 
are  designed  to  face  relatively  strong  enemy  opposition.  This  type 
of  aircraft  performs  ouch  missions  as  attack,  fighter-bomber,  intruder, 
tactical  bomber,  and  photo  reconnaissance . Bach  of  these  missions  has 
slightly  different  requirements,  which  are  discussed  in  this  report  to 
the  degree  necessary  for  determining  comparative  aircraft  designs. 

The  missions  are  then  investigated  for  base  costs  and  material  require- 
ments. 

To  give  an  accurate  evaluation  of  water-  and  land-based  attack 
aircraft  potentials,  the  study  was  limited  to  the  time  span  lor 
designs  begun  in  the  1955-1960  period . Thus,  it  is  possible  to 
project  the  present  design  trends  into  this  period.  The  fields  of 
de'/elopment  important  to  the  study,  which  have  been  so  projected, 
arc  hydrodynamics,  aerodynamics,  propulsion,  and  armament. 


Hydrodynamic  developments  In  hull  forms  and  in  dynamic  lifting 
surfaces  have  been  reviewed  in  Ref.  1 "the  developments  in  Lifting 
surfaces  are  of  great  importance  for  attack  aircraft.  TVrough  the 
use  of  non-bvxiyant  hydrosvis,  these  aircraft  can  b»  water-based  with 
no  aerodynamic  penalty. 

Neither  non-buoyant  r.or  buoyant  hydroskis  sue  designed  to 
support  the  airplane  in  the  water  below  minimum  planing  speeds. 
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A "buoyant”  hydro aki  aircraft  Is  one  ‘fcet  can  tats  c.  f on  . floating 
position  on  the  water.  "Ban-  rioyant"  ayrt-oaki  air:  . ' ; v-*»  vot  du- 
eigned  to  take  off  from  a flovtlng  petition  nor  tax.  n * surface  at 
low  speed.  'Ifcey  should  tarai  1 vte  a flight  by  sli-U  s,  .-.iv  *»  solid 
surface.  The  aerodynamic  penUty  that  j-e  suits  ft.-  <*  '.ag  a hydro- 
ski  aircraft  to  be  buoyant  mm/  be  prohibit ive,  bi.-  « 0 0 -buoyant 

hydro  ski  aircraft  can  be  deslpiod  to  float  in  «t  0 a>n^  without  in- 
curring any  aerodynamic  penalties.  iShould  tv.  y-tfs  have  an  ergiuv 
failure  while  planing,  it  wouLc  drop  tc  tv  e . rf  .•  of  the  water  wad 
float,  although  it  would  not  c S course  , »es  able  V>  rise  froi 
this  position  under  its  own 


Aerodynaadc  fora  develop  sent,  la  the  e isert  shapes  and  in 
the  reduction  of  frontal  area,  typical  0/  ■’  high  pcr-oxicaace  air-  raft, 
have  recently  been  spurred  by  the  lutrodi--  -a  a*  area -rule  desige  con- 
cepts, Refs.  3,  b,  and  5.  Tbs  Jsprmred  > xnssec*  l-j  thr  high  suto.cool..* 

and  supersonic  speeds  is  reflected  lu  th-  - ;iaated  curve  c ; lift/orfig 
ratio  veraua  speed,  given  in  :*i$.  1.  In  * era  of  the  v.;^y.  it  ? j 
estimated  that  lift/drag  ratios  flow  aaeocir.f  .*d  with  low  wpo  sd  nir craft 
will  be  obtainable  ah  speeds  g>  tc  Mach  0 . - bet  at  supersonic  speed, 
th*  drag  penalty  ia  not  prohi  n . 

The  development  of  bounCir*  lsyer  control  syf  leui  j.  have  e 
substantial  bearing  upon  the  Ir.  Lrjci  of  aircraft  la  -he  period. 

There  are  three  system:  Contn  l *f  the  circulation  on  tb»  viug  lo<- 
lifting  surface);  tha  redact! « of  drag  by  bleedlrtg  off  the  boundary 
layer;  and  goat  alleviation  by  controlled  wing  circulation.  Jf  Uwj' 
three  types,  it  la  anticipate!  that  rirnCatiO-.  cjr.trcl  <,*1  gnat 
alleviation  will  be  technical  v fa— lb) * fox  i«y..Gl'fc  in  this  period. 

PropuukSioe  develcpawrt*  sv»-  be*.*n,  ia  a h rg  s vaaaurs,  the  k».y 
to  the  advance  la  speed  of  axmrift.  ff  th.  ikrc>‘  >ows r p apt* 

in  which  significant  dcvslopsvrot  as*.  ■ *.'  expected  Ntb«  turbojet,  -Ju 
turlioprop,  and  tha  ran  Jet)  the  ur’.*»jT  ourr  a‘^y  appears  to  have  the 
greatest  application  to  high  .nib.  ionic  and  Low  i,upera<%ic  aircraft. 

Since  the  develop— nt  tins  on  uu  turbojets  i*.  Aug,  it  %jt  p^.wiblfc  to 
■aka  fairly  reliable  esvieatei  of  thr  tr-iui  in  available  reroua 

ties  through  the  1933-1960  period  . Tlgure  ? .'hjw*  thr  projected  turbo- 
jet power  tread  for  this  era. 

The  over-all  effect  of  past  tread*  n tV  performance  of  &tta.k 
aircraft  is  shown  in  Fig.  3 which  indicate?  a toady  uterc'-se  la  trtk 
speed  and  gross  weight  with  tlw  pvsags  of  the  jew* . However,  ally 
tha  speed  curve  has  bean  proj«*ctoJ  h <wig  tv  r.aaca  course  for  te>.  t use 
period  wader  study.  Develop— -ita  5a  ihu  ftali  of  eitaic  vespo»»a  Aue 
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aerodynamic  Improvements  are  expected  to  continue  to  increase  the 
punch  and  speed  of  the  attack  aircraft  without  further  increase  in 
the  aircraft  weight.  TSius,  the  trend  of  gross  weight  in  Fig.  5 
has  not  been  extended  along  its  course,  but  is  projected  ou  a level 
line  for  the  lighter  aircraft  and  on  a downward  trend  for  the  heavier 
aircraft. 

It  is  the  purpose  of  this  report  to  present  the  design  require- 
ments of  attack  aircraft  compatible  with  these  trends  and  then  tc 
show  the  relative  merits  of  water-  and  land-based  systems  from 
military  and  economic  viewpoints. 
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Hie  major  requirements  for  attack  missions  may  be  broadly 
divided  into: 

1)  Performance  in  the  air;  and 

2)  Operation  of  the  basing  system. 

Successful  operation  at  the  target  against  the  severest  enemy 
opposition  is  the  primary  consideration  in  the  design  of  attack 
aircraft.  Consequently,  the  aerodynamic  performance  of  the  water- 
based  aircraft  must  be  equal  or  superior  to  a comparable  land-baseo 
aircraft.  Consideration  of  typical  targets  and  the  limited  range 
of  attack  aircraft  shows  the  necessity  for  maximum  base  mobility  and 
protection  from  enemy  attack- 


A,  PERFOWttWTi; 


A series  of  typical  profiles  for  several  of  the  attack  mis- 
sions i*  plotted  in  Fig.  1».  Am  indicated  by  the  trend:  shown  in 
Fig*.  1 and  supersonic  speed  is  Important  at  the  target  and, 

in  boms  cases,  for  a large  portion  of  the  mission.  High  speed  may 
he  required  for  evasion  and  escape  x'rom  enemy  aircraft,  avoidance  of 
detection,  equality  in  air  combat,  and  even  to  escape  the  blast  from 
nuclear  weapons. 

The  moderate  range  of  attack  aircraft  Is  a constant  liaita- 
ticn  to  the  mission.  Attainment  of  a reasonable  range  is  e.n  impor- 
tant feature  which  cannot  be  sacrificed  to  the  use  of  brute  strength 
for  obtaining  high  speed. 

The  importance  attached  to  speed  and  range  in  these  mission* 
does  not  lend  itself  to  quantitative  evaluation.  The  best  Is  none 
too  good!  Therefore,  it  was  accepted  t.het,  to  be  competii  i*e,  tin. 
water-baaed  design  must  be  equal  to  the  land-based  design  in  the 
air. 


B.  TARGETS 


Attack  aircraft  targets,  illustrated  m Fig.  5,  include  ahtpa 
at  sea,  bridges,  rail  yards,  trucks,  troop  concentrations,  fuel 
dumps,  other  aircraft,  and  airfields.  Two  outstanding  features 
may  be  seen:  the  close  association  o:  the  target*-  , c immediate 
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action  or  fronts  and  the  mobility  of  many  of  the  targets.  Unlike 
strategic  missions  where  targets  are  selected  and  bombings  planned 
in  advance,  tne  attack  mission  is  directed  at  transitory  situations 
where  timing  is  of  great  importance.  Thus,  with  only  short  advance 
notice,  the  aircraft  must  be  brought  to  bear  rapidly  and  effective- 
ly on  the  targets - 

Because  of  the  limited  range  and  the  necessity  for  minimum  de- 
lay in  striking,  the  attack  plane  must  be  ready  anywhere  around  the 
perimeter  of  the  enemy;  as  a corollary,  its  base  is  vulnerable  to 
the  enemy. 


C.  BABE  MDBTLIT? 


The  moat  obvious  conclusion  from  consideration  of  the  mission 
profile**  and  areas  of  action  la  that  the  base  must  be  motile.  This, 
in  fact,  ia  well  recognised.  The  success  of  the  aircraft  carrier 
in  performing  this  Job  during  World  War  II  and  during  the  Korean 
War  is  a matter  of  history.  The  tactical  necessity  of  short  lag 
time  and  close  contact  with  the  enemy  is  demonstrated  by  the  curicnt 
perimeter  defenses  in  Europe  and  other  available  areas  a ur roundly  U.e 
Eurasian  land  mass  Current  specifications  for  several  attack  missions 
include  definite  requirements  for  the  mobility  of  the  baaing  system 
(e.g. , Fighter -Bomber  Specifications,  Rex".  6/. 

The  huge  perimeter  of  the  Eurasian  land  mass  and  the  possibility 
of  widely  separated  hot  spot*  make  a complete  ring  of  fixed  bases  de- 
sirable but  geographically,  politically,  and  economically  impossible. 

In  addition,  the  great  depth  of  defense  inherent  in  the  land  mass  of 
Asia  would  make  a perimeter  series  of  fixed  bases  ineffectual  if  the 
area  of  conflict  moved  very  far  inland. 

This  requirement  for  base  mobility  becomes  even  more  Important 
when  we  consider  the  potential  of  v*ter-bssei  transports.  Their 
ability  to  penetrate  deeply  into  enemy  territory  (as  analyxed  in  Ref. 

2)  will  require  that  tactical  air  support  be  able  to  move-in  rapidly 
and  be  supported  In  the  same  area  Here,  the  lase  aust  be  rot  only 
motile  but  air  transportable  as  well. 

Five  *ype#  of  bases  *111  be  consider*  i in  this  analysis: 

Seal -permanf nt  - bases  designed  to  te  used  for  several 
years; 

Temporary  - Short -lived  baaas  transportable  ly  truck; 

Airhead  sr.i  Small  Airhead  - short-lived  lasts  trans- 
portable ly  airplane;  *n  1 
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Aircraft  Carrier 

Each  type  of  base  maintains  90  attack  aircraft  vith  the  excep- 
tion of  the  Small  Airhead  base  which  maintains  30  attack  air- 
craft. 


D DISPSRSIQJf 


The  second  conclusion  drawn  from  the  mission  study  is  that 
these  mobile  bases  must  be  successfully  defended  against  enemy 
attack.  The  threat  to  a base,  whether  it  is  on  land  or  water, 
must  be  met  by  minimum  investment  in  the  area,  dispersion  of  air- 
craft and  service  areas,  concealment,  strong  defenses,  or  by 
other  means;  nonetheless,  it  must  be  met.  An  even  greater  neces- 
sity for  dispersion  must  be  considered  in  the  future  because  of 
the  area  damage  possible  with  atomic  weapons- 
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III.  COMPARISON  OF  AIRCRAFT  DESIGNS 


The  requirement  for  identical  flight  performance  of  water- 
based  and  land-based  aircraft  is  met  by  water-basing  on  non-buoyant 
hydroskis.  With  gear  retracted,  the  water-  and  land-based  con- 
figurations will  appear  almost  identical. 

A current  proposed  fighter -bomber  design  was  selected  as 
typical  for  the  group  of  missions.  This  was  used  as  a basis  of 
comparison  for  structural  Btudies.  Little  difference  in  weight 
was  noted,  but  the  water-based  version  required  less  volume  for 
its  ski  landing  gear  than  the  land-based  version  required  for  Its 
wheel  landing  gear. 


A.  LANDING  GEAR 


Statictical  studies  of  hull,  fuselage,  and  landing  gear 
weights  (Ref.  l)  have  shown  that  above  100,000  pounds  gross,  the 
hul..  form  seaplane  has  a weight  advantage  over  the  comparable 
lanoplane  fuselage  and  landing  gear.  Also,  developments  in  hull 
configurations  and  the  advent  of  Jet  p wer  have  combined  to  yield 
hull-form  seaplanes  of  competitive  aerodynamic  performance  lx. 
the  attack  category,  the  lower  groso  weight  (20,000  - 60,000  pounds) 
and  the  emphasis  on  high-density  design  make  a hull-type  configur- 
ation Inappropriate. 

High  density  design  fox  attack  aircraft  leads  directly  to  the 
use  of  non-buoyant.  hydreskis.  The  gross  weight  divided  by  total 
aircraft  volume  for  many  projected  designs  yields  a density  of  30 
to  43  pounds  per  cubic  foot.  It  is  obviously  difficult  to  obtrin 
a satisfactory  water  bated  iguration  with  more  than  one-half 
of  the  body  under  water  wnile  in  the  static  buoyant  condition.  The 
development  of  non-buoyant  skis,  such  ns  those  of  AMC-Rdo  and  All 
American  Engineering  (Refs.  1 and  7 through  10)  has  contributed  to 
the  solution  of  this  problem.  Altnough  for  safety  tht  aircraft  will 
float  by  virtue  of  its  fuel  tanks  and  cabin  design,  the  ski  configuro* 
tion  is  not.  designed  for  take-off  from  a floating  position.  When 
not  moving,  the  aircraft  must  be  supported  by  out  rile  means  (the 
shore,  float 4 ng  ramps,  or  mats),  but  tic1  take-off  on i landing  runs 
are  made  on  the  water. 

The  weight  and  volume  of  hydroskit,  compared  to  wheels  has 
been  summarize:  in  the  f rr.t  report  of  this  serif's  (Ref.  l).  The 
result*  are  shown  in  Fig  6.  These  data  were  compiled  from  a 
number  of  sources . The  characteristics,  cf  each  sk;  installation, 
along  with  the  weight  and  volume,  are  tabulate t in  Appendix  A. 
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There  is  a significant  reduction  in  the  volune  required  for 
the  ski  installation  coaipared  to  that  for  vheelB  in  the  attack 
aircraft  weight  range,  TTtis  space  could  be  used  to  increase  the 
armament  load  of  the  aircraft.  However,  the  quantitative  evalu- 
ation of  the  resulting  increased  mission  effectiveness  for  water 
basing  is  beyond  the  scope  of  tills  initial  study.  Thus,  the  two 
configurations  are  assumed  to  bs  identical  in  the  air. 


b.  sbjctxoi  or  coMFiajton  Jit  ro*  comparison 


Attack  aircraft  des  <cr*  for  the  1955-1960  period  are  currently 
under  Investigation  at  The  Glenn  I-  Mart ir.  Cumpany • <Xe  of  these, 
a supersonic  f ighter-bosSber  with  Internal  boab  bay,  la  being  studied 
under  an  Air  Force  Contract.  The  gross  weight  is  30,000  pounds  for 
a basic  600  nautical -nile  high -altitude  ai salon-  The  wing  Is  de- 
signed to  take  nulaa  advantage  of  leading  edge  suction,  and  the 
fuselage  has  been  indented  and  arranged  tc  give  the  over-all  config- 
uration an  exceptionally  good  area-r-le  carve.  Because  of  the  de- 
sign, it  was  believed  that  this  aircraft  voald  be  typical  of  those 
developed  in  the  1955-1960  period  and  therefore  would  be  applicable 
for  use  In  the  aerodynamic,  structural,  and  econoaic  evaluation. 

A an  saury  of  the  characteristics  and  capabilities  of  this  airplane 
are  presented  as  a supplement  to  this  report  (see  Figs.  7-11 )• 

The  design  study  of  the  trl-skl  gear  la  aore  fully  discussed  In 
Appendix  B-  All  planing  surfaces  were  aade  retractable  (flush  with 
the  body  and  wings),  thereby  retaining  the  saw  external  shape  as 
the  land-based  version.  A weight  analysis  and  comparison  revealed  that 
the  ski -based  version  was  a few  pounds  lighter.  Thus,  since  both 
weight  and  external  appearance  were  approximately  the  sue,  ro  dif- 
ference in  aerodynamic  characteristics  or  performance  would  be  ex- 
pected between  the  land-  and  water-based  versions. 

A weight  comparison  summary  of  the  two  versions  Is  shown  It. 

Table  1.  Structural  considerations  and  detailed  weight  determina- 
tions for  both  types  of  aircraft  are  giver  in  Appendix  B. 

The  water-baaed  configuration  Is  shown  with  gear  extended  in 
Fig.  12 
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IV.  ANALYSIS  OF  LANDING  AND  TAKE-OFF  OPERATIONS 


The  selection  of  the  non-buoyant  configuration  with  skis  for 
the  attack  mission  introduces  new  probleas  in  aircraft  handling  on 
the  surface.  The  techniques  for  ground  handling,  servicing,  accel- 
eration runs  on  the  hardstand,  taxiing,  and  take-off  and  landing 
are  discussed  in  this  chapter.  On  the  basis  of  current  experience 
with  similar  types  of  aircraft  and  their  models,  these  techniques  , 

seem  feasible  (Pefs.  1 and  7-10).  t 

In  this  chapter,  the  requirements  for  water-,  land-,  and 
carrier-based  attack  aircraft  are  compared  on  the  basis  of  facili-  ; 

ties,  ease  and  safety  of  operation,  and  provisions  for  landing  and 
take-off.  These  requirements  are  then  used  in  the  following  chapter 
for  the  evaluation  of  the  vater-based  system. 


A.  OPERATION  OP  VAT® -BAS ED  ATTACK  AIRCRAFT 


1.  Handling  and  Servicing 

A considerable  amount  of  ground  handling  is  necessary  in  the 
operation  of  any  aircraft . TSiey  have  to  move  or  oe  moved  from  one 
point  to  another  for  maintenance,  spotting  for  take-off.  and  for 
parking.  Ground  movements  must  be  accomplished  rapidly  and  with 
ease  so  that  maximum  launch  and  landing  rates  nay  be  realised  and 
maintenance  and  servicing  activities  expedited  Normal  ground  hand- 
ling should  be  accomplished  without  starting  up  the  Jet  engine 

For  the  very  small  aircraft  on  skis,  this  has  been  acccmpl  lsbed 
by  incorporating  wheels  for  taxiing  on  hard  surfaces.  Wheel -ski  com- 
binations have  been  used  successfully  for  landings  on  water,  land, 
snoH  and  various  combination  conditions  of  water,  sluslv  awl  land 
(see  Ref.  11).  In  the  larger  aircraft,  such  as  the  attack,  the  in- 
corporation of  wheels  for  taxiing  on  hard  ground  will  be  a serious 
weight  and  volume  penalty. 

On  soft  or  slippery  surfaces,  skis  have  proved  suitable,  lr. 
general,  the  experimental  aircraft  have  furnished  their  own  power 
for  taxiing  or  positioning  on  the  shore,  sometime  with  a little 
manual  assistance.  The  Baroudeur  aircraft  (Ref.  1?)  Is  easily 
handled  on  a dolly  where  It  either  maneuvers  under  lt6  own  power 
or  Is  tewed  by  a Jeep  Ordinarily  tht  Baroudeur  takes  orr  on  the 
lolly,  but  It  has  been  successfully  operated  wit/  »kl<~»  on  mud,  dry 
grass,  beaches,  ani  atony  ground.  After  overcoming  Initial  friction, 
the  skids  offer  little  resistance  on  dry  grass.  Even  paved  roads 
and  runways  were  used  after  greasing.  Extensible  claws  were  mounted 
on  the  skids  for  steering. 
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For  ground  handling  on  Dost  surfaces,  the  normal  truck  and 
towing  equipment  associated  with  air  support  would  be  able  to 
slide  an  aircraft  on  its  skis  and  move  it  from  landing  position 
to  servicing  area  or  take-off  position.  However,  a much  smoother 
operation  could  be  obtained  Kith  handling  equipment  designed  for 
use  with  ski  aircraft,  like  the  self-propelled  dolly  system  illus- 
trated in  Fig.  13-  Bodily  lifting  the  aircraft  clear  of  the  ground, 
the  carrier  can  transport  It  to  any  desired  area  with  a minimum 
of  time  and  effort. 

Operations  of  the  water-based  attack  airplane  from  a shore 
area  can  be  conducted  with  the  same  types  of  servicing  facilities 
and  maintenance  personnel  used  with  land-based  aircraft.  However, 
the  accessibility  of  the  wter  area  provides  the  means  for  opera- 
tion of  the  ski  plane  in  unprepared  areas  where  lend  transportation 
may  be  restricted  or  entirely  lacking.  In  this  case,  personnel 
and  supplies  could  be  transported  by  boat,  and  fueling  would  be 
accomplished  through  an  underwater  distribution  system  similar  to 
that  shown  in  Fig.  lU. 

2.  Ground  Run 


The  design  analysis  and  the  take-off  performance  of  the  water- 
based  attack  aircraft  with  skis  are  given  In  Appendix  B. 

To  allow  a rapid  acceleration  to  ainimua  planing  speed,  the 
ground  run  must  not  offer  excessive  resistance.  For  the  thrust- 
to-veight  ratio  of  0-5  for  this  design,  a friction  coefficient  of 
0.2  or  less  is  desirable  (see  Appendix  B,  Sections  A and  B).  Al- 
though many  natural  beaches  of  dirt,  grsvel,  clay,  and  mud  offer 
the  desired  low  friction,  It  will  be  assume'4  for  this  study  the4 
all  weather  operation  requires  a prepared  strip  for  the  ground  por- 
tion at  the  tabs-off  run.  A p^epseed  st '•ip  way  also  he  required  to 
minimize  the  effects  of  the  Jet  blast. 


This  prepared  strip  may  consist  cf  plercei-steel  planking, 
tut.  this  would  probably  require  a low  friction  non-metalllc  ski 
bottom  A simpler  and  possibly  better  surface  for  a water-edxe 
locution  is  a heavy  wood  planking  that  would  protect  the  sutsur- 
face  from  erosion-  Wet  down  for  trtte-off,  this  surface  would 
provide  low  friction  for  a metal  ski  bottom 

The  area  of  the  strip  is  determined  by  the  width  of  the  wing 
tip  skis  (50  feet)  and  the  ae celerat  1 or.  run  (120  feet).  An  area 
75  * 200  feet  is  dkssumed  to  give  an  operstioral  margin  allowing 
60  feet  for  Jet  blast  deflection  and  safety  margin  One  end  of 
the  strip  extends  Into  the  water  to  s lepth  equal  to  that  of  the 
extended  ski  when  the  aircraft  lias  water-stalled. 
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The  transition  run  from  the  ground  to  the  water  has  not  been 
a problem  on  current  small  ski  aircraft.  For  Larger  and  more 
heavily  loaded  skis  y the  steepness  of  the  ground  run  and  the  required 
tria  conditions  on  entering  the  water  a wfcr  require  the  dewlo'paent 
of  special  techniques  (such  as  automatic  ski  trim  changes)  for 
successful  transition. 

3«  Water  Run 

Ihe  non-buctyant  attack  aircraft  with  hydro* kls  must  enter  the 
water  at  speeds  above  30  knots  and  oust  leave  the  water  before  the 
speed  falls  below  30  knots  to  avoid  water  stall.  However,  the  air- 
craft is  designed  to  float  In  case  of  a water  stall.  As  indicated 
In  Appendix  B (Fig.  );  the  water  drag  is  a Maxima  at  tne  water 
stall  speed  and  diminishes  as  speed  increases.  Hie  normal  gross 
weight  take-off  run  from  ramp  edge  to  take-off  speed  of  IkO  knots 
requires  approximately  23  seconds.  The  distance  covered  Is  approx 1 - 
aately  35OO  feet. 

Current  experience  with  tht  various  ski  type  aircraft,  shows 
that  planing  presents  few  problems-  Stability  during  planing  is 
excellent.  Hot ably,  the  ability  to  perform  turns,  taxi  rvua . and 
take-offs  in  relatively  high  croas  winds  has  been  dsmonstreteu  for 
■aqy  of  the  twin- ski  configurations  It  is  anticipated  that  a tri- 
ski configuration  with  the  same  desirable  characteristics,  can  be 
developed  but  it  may  require  trim  angle  control  for  the  wing  tip 
skis. 

Although  the  landing  run  is  no  longer  than  the  take-off  run 
(3500  feet)  it  is  anticipated  that  reverse  thrust  provisions  will 
be  incorporated  In  the  engines.  This  will  not  only  assist  In  a 
more  controlled  approach  to  the  beach  but  will  also  provide  a 
powerful  directional  control  system  with  partial  vane  deflection. 

landing  impact  casjuted  as  In  Rer.  13,  for  a rigidly 
mounted  ski,  Is  3-3  g at  full  gross  weight  fer  a contact  sinking 
speed  of  10  feet  per  second.  Based  upon  current  experience 
recent  th-orctical  analyses,  such  as  Ref.  Ik,  the  load  factor  of 
3.5  g Is  estimated  to  occur  with  s slnkln*  speed  of  1*>  feet  per 
second  for  the  shock  atrvt  mounted  configuration. 

The  technique  for  power -off  landings  will  require  an  approach 
dose  to  the  shore  line  at  a slight  angle  so  that  the  position  of 
touchdown  It.  not  too  critical.  This  will  also  allow  a longer  run 
on  the  beach  ao  that  a higher  ground i r j speed  will  be  feasible. 
Althou&h  In  most  esses  the  power-off  landing  could  be  ended  on  the 
shore  or  In  shallow  water,  sufficient  buoyancy  is  Incorporated  in  the 
basic  design  of  the  aircraft  for  emergency  landings  in  deep  water. 
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k.  Spray 

Effects  of  spray  on  a cki-equipped  aircraft  must  be  considered, 
particularly  on  the  engine  air  intake.  The  configuration  chosen  for 
study  appears  to  be  very  favorable  from  a spray  standpoint  due  to 
the  location  of  air  intake  and  ving.  Ttie  air  intake  is  well  eft  on 
top  of  the  fuselage.  It  is  also  protected  by  the  wing  which  Is  lo- 
cated below  and  ahead  of  It.  Furthermore,  exper  ier.cc  has  3 1 — * « 
that  the  necessity  for  maintaining  a fairly  high  water  spee,i  causes 
most  spray  to  be  thrown  to  the  rear,  too  low  to  affect  the  intake. 
The  spray  pattern  would  be  very  much  like  that  formed  by  a seaplane 
at  planing  speeds  where  spray  is  thrown  well  aft  of  the  aircraft 
wing  and  propellers.  Problems  concerning  spray  arising  in  a hull 
seaplane  wheu  not  on  the  "step"  or  when  rising  onto  or  settling 
from  the  step,  will  not  affect  the  non-buoyant  ski  aircraft  since, 
in  effect,  it  Is  on  the  step  or  planing  all  the  time  that  it  is  on 
the  water. 

Ice  formation  on  seaplanes  or.  the  water  has  always  been  a 
serious  problem.  J^jr  using  an  anti-icing  solution  or  the  aircraft, 
this  has  been  partially  remedied  and  seaplanes  have  been  success- 
fully operated  in  cold  regions.  Further  intensive  development 
should  continue  and  the  problem  should  be  solvable  by  the  time  tne 
hydroski  aim-art  Is  operational. 

5.  Open  Water  Operation 

Operation  of  the  wate.  ■ based  attack  airplane  from  bases  where 
beaching  is  not  possible,  introduces  additional  problems. 

T^-.e  r»ct  immediate  need  is  a place  i'.>i  the  aircraft  u.  come 
to  rest.  One  such  system,  reported  1»>  Ref.  ’c,  oor>«- j st«'d  r'rrply 
of  o floating  » aft  v,f  sum,  lent  length  to  receive  the  planing 
aircraft  plus  aiiltional  length  sufficient  for  a ■ -cl erat ion  H 
planing  speed.  The  cyst  cm  i 1 1 ,:strate>i  in  Fig.  It  i • pr<  t.eati.  a 
further  level opment  for  handling  larger  numbers  of  planer..  The 
arresting  floet  segjscnt  is  relatively  short  and  Incorporates 
arresting  gear  to  receive  the  air -raft,  from  the  plar.ng  -one.’!  lor.. 
The  t oke-off  segment  of  the  ul.it  lb  iollgei  an:  ifi  lt'Sh'nel  t, 
float  with  the  ski  tracks  awash  to  provide  the  ac  ■ e 1 erat  1 or:  run 
w.th  water  lwt  rl.-ation. 

It  ; s.  or.t  . ■■  1 pat  •-!  I hoi!  the  hi- rest  lag  float  segment  v ui  i 
carry  normal  fuel  a!,,  r.t,  ret  requ ' reiser;! . r as  v 1 . s bar  ic  ....■vic- 
ing gear-  Thus . - sch  f . at  W ’hr  ru'l  wou  I ! v >•  a i art  dally 

j elf-s.ui  : t.-ieh*.  .t  • A <bc.  r.  r ase-.-ff  « . u . : !•  r e;, 

» h-e  f'.ur.te-  ,f  a:  r rat  t per  segr<  nt  ! « iryt  determine  : \:j  the  n.-raii- 

t 1 1 ng  ! ; m«  re-;  j i . 
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The  float  system  illustrated  in  Fig.  11  could  >*»  I'sed  in  open 
water  operation  in  combination  with  supply  ships  and  water-based 
transports.  It  would  also  be  used  in  other  areas  where  the  shore 
terrain  was  unusable  or  where  operations  might  be  delayed  by  pre- 
paration of  the  beaches.  The  comp:. rent  sections  of  the  raft  would 
he  air  transportable  by  the  large  logistics  support  seaplane  described 
in  Ref.  2.  In  fact,  the  lightering  rafts  describee  fcr  use  with 
the  transport  in  unprepared  areas  eo  ild  be  used  for  water  basing  the 
attack  airplane. 

Open  water  operation  introduces  problems  oi  rough  water  take- 
off and  landing.  For  the  ncr.- buoyant  hydros kl  aircraft  there  are 
two  design  problems  that  mist  be  c ..nnidered;  impact  ..oadc  and  sub- 
mersion of  the  skis. 

The  ability  of  the  skis  to  absorb  the  landing  impact  in  2-foot 
waves  without  shock  abeorbers  has  been  amply  uemonstrat ed . In  higher 
waves,  up  tc  5 feet,  some  full-scale  experience  has  beer,  obtained 
which  indicates  satisfactory  loads  for  the  hydroski  attack  airplane. 
However,  impact  charact  -»r  i e>t  ios  i*  a wide  -arge  of  sea  cor.  i i t ions  or 
in  larger  waves  are  rrt  yet  determined  for  the  aircraft  with  shock- 
nio<inted  skis. 

Submersion  of  the  skis  during  wave  impacts  is  not  a serious 
probi-u  in  itself.  The  ski  continues  to  lift  even  though  submerged 
momentarily.  However,  the  Submergence  and  emergence  of  the  ski  nose 
gives  rise  to  a heavy  spray  v.iich  may  d *ench  the  engine.  The  lim- 
iting wave  size  for  such  a rood  it  ton  is  about  the  same  a-  fir  the 
landing  load  factor. 

It  is  anticipated  that  th«  continuing  prourr-T  ■»'  r-cs*  ar  with 
both  acri'  1 and  full -real.  hydn-ski  nii  -raf  * will  "rovl  1<  t.h<-  i ■•cli- 
nical information  for  rough  water  .jw  ratici..  At  the  •;.«»»•  time , it 
is  recommended  that  the  methods  or  local  smoothing  th>  van  tie 
thorough i y Investigated,  pre  1 mi  nary  l i.vi  . t 1 ; ot  r of  the  smooth- 
ing effect  of  » f-'dps  woke  (Ref.  :*  ' it-.!  tin  wav  .•  ■.pprer.- 

aior  t'trrieri.  to  redu-'e  wav*-  heigh'  it.'-  . e> hnv»  ;•  at.  i •'  m ; ? v*  - 

men!.;;  whl.-h  will  n .hr.  t. ant ' a)  i.v  Ja  -t  ••at  • t . i«  r,  water  |.<  ,.  tin.  of 
t.hi  wit'-r-basid  att.a'K  air. -raft. 


!».  r-tMTARl;  'N  Of.  k’A  d'J.  F.VhT)  Willi  ! j'.ND  • 
AMP  f ARP  !FP  f-VKP  FKHAI  1 ■ «ffc 


1 . Ha  1 1 ‘ < ■' <u  c-  him  • T . 1 1 -.a  Ka  . ‘ • • 

A*  t a • k air  rv  • ' r , >u  • 1 .•■■a-  r-.car-: 

! • ; I c me  ! ! - ‘ 1 ■ hi-  f ..  I :ili  Hi  • : { 7*1  r * 

spare  I'n"!  ; , ■ • a • - I ‘ : . iw  ■ ‘ , ■ m;  ' 
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etc.  are  the  same  for  all  bsses.  For  the  shore-based  ski  aircraft 
or  the  land-based  aircraft,  the  installations  for  housing,  repair 
shops,  navigational  aids,  maintenance  equipment,  and  storage  will 
be  comparable,  although  the  desired  dispersion  is  more  easily  ob- 
tained in  the  water  base. 

Both  the  carrier-  and  the  open-vater-based  attack  aircraft 
are  a part  of  a similar  self-contained  complete  mission  unit.  The 
segments  of  the  unit  for  the  water-based  mission  will  be  smaller 
and  less  complex  than  the  carrier  itself,  cvrr.  though  the  total 
services  required  are  the  came  In  addition,  the  water-based  attack 
can  be  supported  by  air  transport  in  areas  inaccessible  to  either 
carrier-  or  la id- based  aircraft. 


Hand] ii 


and  Servicirti 


The  handling  and  servicing  of  aircraft  has  been  developed  to 
a high  degree  of  efficiency  on  the  aircraft  carrier  and  at  veil- 
equipped  land  bases.  Even  in  areas  of  minimum  preparation,  t.h» 
ease  of  taxiing  or  otherwise  moving  the  wheeled  aircraft  la  fam- 
iliar to  operating  personnel . Since  the  .nclusior.  of  wheels  with 
the  skis  of  a water-based  attack  design  was  determined  to  be  too 
costly  lr.  weight  and  volume,  additional  equipment  (dolly,  spec  irj. 
tow  truck,  lift  truck,  or  similar  equipment]  will  be  necessary  lr, 
many  cases  tc  provide  easy  and  rapid  movement  of  the  aircraft  on  the 
ground  (as  indicated  in  Section  A-l  c.f  thin  chapter). 

This  special  equipment,  however,  will  be  fa.-  lighter  in  weight 
than  taxiway  constriction  requiresente  Tor  the  land-based  aircraft. 
When  the  ski  loading  (lees  than  1*  pr.i)  is  compared  with  normal  tire 
pressures  (1»0  to  100  psl  for  attack  aircraft),  the  difference  In 
surface  preparation  requirements  Tor  the  taxlvays  is  evident.  All- 
weather  operation  of  the  land-based  attack  air  raft  vii)  require  « 
plerced-p! *nk,  macadamized  surface  for  taxiing  or  parking  while  the 
water-based  aircraft  will  need  no  preparation  beyond  that  provides 
for  the  trucks  and  other  vehicles  riimrr.  to  both  types  of  lasing. 

i Larding  and  Take-C ff  Surfac  s 

With  allowance  for  a safe  stopping  margin,  the  atwk  aircraft 
design  used  for  this  comparison  requlrt-s  approximate ly  5,000  feet 
for  take-off  and  landing.  The  carrier  flight  deck  length  1c  only 
•>  email  fraction  of  thtc  distance  by  virtue  of  ael f-ge,«*rnted  wind, 
arresting  gear,  catapults,  and  exception*..1  pitots  On  the  ground,  the 
surf  act  must  It  r.t.’,*My  compai  ted  and  covered  for  the  fu.il  distance 
with  sufficient  width  to  alto-  some  approach  error  (approximately 
l^-'oot  width  required.  Ref  i 
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These  costly  prepared  strips  Are  almost  entirely  eliminated 
with  the  water-based  concept.  Only  the  short  acceleration  strip 
(approximately  200  feet  by  75  feet  wide)  need  be  surfaced.  The 
most  restricted  water  area  for  take-off  and  landing  (narrow 
car.al  or  river)  is  equivalent  to  a one -strip  airfield,  while 
the  usual  water  body  is  of  sufficient  size  to  allow  simultaneous 
take-offs  from  a number  of  separated  shore  stations. 

A comparison  of  terrain  requirements  is  also  significant  to 
the  analysis  of  take-off  and  landing  surfaces.  Land -based  oper- 
ations require  a relatively  fiat  and  well  drained  surface  for 
runways,  taxiways,  and  surround  .g  facilities  (about  2 square  ndieg 
per  strip).  The  hydroski  aircraft  requires  a reasonably  sheltered 
water  area  about  6000  by  600  feet  (snallow  water,  marshes,  sr.ow 
fields,  etc.  are  satisfactory  if  air  transport  is  not  needed  for 
supplies)  with  a small,  reasonably  flat  beach  and  shore  area  for 
support  facilities. 

Geographical  studies  reported  in  Refs.  1 and  2 pertain  par- 
ticularly to  larger  and  deeper  water  bodies  than  those  required 
by  the  hydroski  plane  alore.  However,  ever,  on  that  basis,  the 
relative  availability  of  water  bodies  and  suitable  ground  terrain 
favored  the  water  basing  of  aircraft  in  the  Eurasian  land  mass. 

It  should  be  noted  that  there  is  another  advantage'  In  the 
simplicity  of  watei  basing  where  small  operations  for  snort  per- 
iods of  time  are  necessary.  Tn  this  case,  it  may  be  desirable 
to  operate  from  the  beach  or  rafts  with  no  preparation  of  the 
area.  Instantaneous  availability  of  the  base  would  b<*  limited 
only  by  the  amount  ana  quality  cf  the  beach  or  trie  ability  to 
transport  rafts  into  the  ares. 

U.  Safety 

It  appears  that  a forced  .audio*,  in  a s*i  aircraft  results 
in  considerably  less  chance  cf  pc,«tinrel  injury  arid  considerably 
more  chance  of  recovering  the  aircraft  unlrmaged  than  is  the 
case  with  convent, ional  aircraft.  If  a pilot  wort  faced  with  a 
forced  landing,  he  would  have  a wide  choice  of  surfac’s  upon  which 
n safe  landing  could  be  made.  The  only  important  requirement 
would  be  a reasonably  smooth  i..n-1'ace,  and  it  would  not  matter 
much  what  it  was.  It  could  be  soft  mud,  water,  snow,  etc. 

In  most  cases  where  th.  „.r cruft.  Is  water  it  would 

be  possible  to  provide  cons'derabiy  acre  than  the  minimum 
water  area.  This  would  result  in  nut  h greater  saf**ty  during 
aborted  take-offs  or  engine  fa'!ue»-s  iuri ng  the  critical  period 
of  take-off  or  landing.  Ri.gir;e  mufunrt ions  during  landings 
and  take-offs  have  always  been  'Ti t i>  ai  for  land  pi  arms  because 
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of  limited  runway  space,  soft  or  rough  terrain  beyond  the  runway, 
and.  the  usual  obstructions. 

Beyond  the  safety  factors  associated  with  malfunctions,  the 
water  base  provides  easier  landings  in  Halted  or  aero  visibility. 
Because  of  the  size  of  the  usual  landing  area  ami  the  excellence  of 
radar  contrast  between  land  and  water,  either  ground-  or  sir-con- 
trolled landings  can  be  routine.  This  has  been  demonstrated  at 
many  sea  exercises  where  land-  and  carrier-based  aircraft  have  been 
grounded  by  heavy  fog  while  seaplanes  continued  to  operate. 

This  capability  for  all-weather  operation  of  the  water-based 
aircraft  is  particularly  important  to  the  attack  mission.  Transient 
targets  end  the  vulnerability  of  the  base  to  attack  make  prompt 
action  imperative  in  any  kind  of  weather. 

5-  Flexibility 

Whereas  the  carrier  aircraft  for  an  attack  mission  can  gen- 
erally operate  from  land  bases  and  land-based  aircraft  can  operate 
from  carriers  with  the  addition  of  arresting  hook  (and  structural 
beef-up),  both  wheeled  vehicles  are  restricted  to  prepared  runways. 

The  water-based  ski  configuration  can  also  be  modified  to  land 
on  the  carrier  deck  and  be  catapulted  for  take-off  (see  Appendix  B). 
In  addition,  the  skis  are  suitable  for  landings  on  mud,  snow,  sod, 
plowed  fields,  and  similar  surfaces  - as  well  as  on  water. 

Although  operation  of  the  skis  on  rough  oat  abrasive  surfaces 
will  require  special  bearing  skin  or  frequent  replacement,  the 
flexibility  or  such  a system  makes  It  ideal  for  attack  missions. 
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V.  EVALUATIOM 


The  various  types  of  attack  Missions,  the  characteristics  of 
a typical  aircraft  design,  and  the  operational  problens  to  be  net 
have  been  discussed  In  previous  chapters.  Early  In  the  study  it 
was  determined  that  the  capability  in  the  air  must  and  can  be 
equal  for  the  land-  and  water-based  aircraft.  Therefore,  the  eval  - 
uation of  the  relative  Merits  Is  primarily  a comparison  a t the 
basing  systems. 

Several  typical  typus  of  operations  were  used  to  establish 
the  else  of  the  air  group  and  the  required  bases.  For  these  bases 
the  relative  vulnerability  and  nobility  were  evaluated  in  terms 
of  dispersion,  logistics,  and  cost  for  both  water-  and  land-based 
missions. 

Water  basing  offers  a means  of  approaching  the  ideal  in 
dispersion  of  aircraft.  Although  the  nearness  of  the  water  body 
to  the  parking  and  servicing  areas  latroduead  additional  types  of 
damage  possible  in  underwater  atomic  bursts,  these  are  relatively 
ineffective  compared  to  the  damage  of  an  air  burst.  Thus,  the 
value  of  the  dispersion  afforded  by  water  basing  is  not  reduced. 

Tonnage  requirements  and  related  costs  are  less  for  the 
water-based  attack  system,  particularly  for  the  smaller  air  groups. 
These  lower  requirements,  in  turn,  result  in  a shorter  time  and 
lower  costa  for  moving  water  bases  than  for  land  bases. 

The  mobility  of  the  water  bases  for  attack  mission;*,  plus 
the  wide  availability  of  suitable  water  bodies,  gives  a greater 
flexibility  to  water-based  systems. 


A.  3TSTBJ6  CONSIDERED 


The  aircraft  used  for  the  evaluation  study  is  a supersonic, 
turbojet  fighter-bomber  of  approximately  30,000  pounds  groan 
weight.  Its  configuration  and  capabilities  are  Included  in  a 
supplement  with  a SECRET  classification  (see  Figs.  7 through  11). 
Problem*  of  landing,  take-off,  and  ground  handling  were  discussed 
in  the  preceding  chapter  and  the  feasibility  of  the  method  of 
operation  has  been  indicated. 

Five  types  of  bases  have  been  considered  in  the  analysis:  semi- 
permanent, temporary,  airhead,  small  airhead,  and  carrier.  The 
number  of  aircraft  facilities,  personnel,  supply  systems,  and  other 
p-'rtlnent  data  are  given  In  Figs.  It  and  17  for  each  type  of  base . 


CONANNTUU. 


MODEL 
ER  NO  6602 
PAGE  50 


CONFIDENTIAL 


THE  QLENN  L MARTIN  COMPANY 
BALTIMORE.  MARWLANC 


•3 

s i j 

f . ! 1 

a -a  «*  ■ 


lit  | | J 

1 1 s f . s 1 

. ?!  HJI 

i fliifl  ! 


9 ■ssfis6'ri 

s il i liiif 

S 8-  - SS 


ill 


I-’**®  9 

Ijim  {> 

8 r I 8 3 

||| I-  \\i 

1:1*?  1||| 


1111 


filth 

-hhi 


|it  s ] 

s ijf  II] 

3 . J5«-8 

8 Sllj.p's 

3 


4 o I * * ! £ £ 

j? 

0 g 00  « 

— +-+  •*>  f*»  OD 


3 II  £ 


I-  “5 

I*1  i « 

*?:  If] 

1 4 S | 8 S “ 

S*  s ?a  f * 


liiUtnll 


5i*l 

a N R4  & 


COf^OiNTlAl 


! 


NOT€:  All  p*r**w ! allowance  t lecladr  an  appropriate  amount  of  local  defense, 


| THE  GLENN  L MARTIN  COMPANY 

CONFIDENTIAL 

MODEL 

fl  BALTIMORE,  MARYLANO 

ER,  NO 

6602 

PAGE 

33 

r 


MODEL 
ER  NO  6602 
PAGE  3* 


CONFIDENTIAL 


THE  GLENN  L.  MARTIN  COMPANY 
P?t  TIMORE.  MARYLAND 


I 


CONFIDENTIAL 


Ftp  /A  Aircraft  Diaper  tat  at  Lamt  gun 


1 


TIME  ULENN  L MARTIN  COM  PANT 
BALTIMORE,  MARYLAND 


i 


CONRDfiNlUi. 


MOOEL 

ER.  NO.  6602 

PAGE  35 


i 

I 

I 

i 

I 

I 

«* 

I 

I 

1 

I 

I 

I 

I 

I 

I 


It  should  be  noted  that  the  carrier  is  included  In  this 
analyses  on  a complementary  basis  rather  than  as  a competitor. 
It  is  beyond  the  scope  of  this  study  to  investigate  the  many 
additional  factors  significant  to  a relative  comparison  of 
carrier  and  surface  basing  systems. 


B.  DISFEKSIOH  ARB  VUUCBRABXUTT  COMPARIBOK 


In  this  section  important  features  that  cause  water  bases 
to  differ  from  land  bases  in  their  vulnerability  to  attach  are 
indicated  and  discussed.  The  effects  of  atomic  and  conventional 
explosives  are  included  in  this  analysis.  Since  a thermo-nuclear 
weapon  can  irreparably  destroy  either  type  of  base,  thic  type  of 
weapon  is  not  pertinent  in  this  study  of  comparative  vulnerabil- 
ities and  is  excluded  from  further  discussion. 

1.  Disnersul  of  Aircraft  at  Land  and  Water  Boses 


The  ideal  dispersion  pattern  for  parked  aircraft  is  one 
where,  due  t.o  sufficient  separation,  each  parked  aircraft  is 
more  efficiently  attacked  us  u single  independent  objective 
rather  than  by  area  bombiug  the  dispersal  site.  Divt:  bombing 
and  fighter  attack  at  minimum  altitude  arc  the  types  of  attack 
generally  directed  against  single  aircraft,  and  dispersal  be- 
yond same  minimum  has  little  direct  effect  against  these  methods. 
The  net  gain  from  area  bombing  of  the  dispersal  site  obviously 
declines  as  the  density  of  aircraft  within  the  dispersed  area 
decreases  and  ultimately  is  reduced  to  a value  below  the  gain  from 
types  of  attack  directed  against  single  aircraft. 

Land  bases...  Plans  for  land  bases  indicate  that  a I SOC- foot 
separat ion  'between  hanlxtand*  for  parked  aircraft  is  desired 
(Fig.  ’A) . This  degree  of  dispersal  i»,  however,  regarded  as 
being  too  expensive,  planners  have  a i opted  as  a rcac.onab  1 e con:- 
prrwei se  the  idea  of  cl*  titers  of  thr»'i  heavy  bombers  or  six  melius 
bombers  concentrated  in  rectangular  areas . These  rectangular 
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when  the  aircraft  are  shielded  by  natural  features.  When  a sif.- 
| able  number  of  individual  aircraft  are  reparated  by  2 or  3 mile', 

* operational  control  would  probably  be  prohibitably  difficult  and 

ground  defenses  badly  rsakened  by  dilution.  A moro  practical 

I optimum  for  aircraft  dispersal  might  be  a pattern  of  clusters  of 

aircraft,  s&ch  cluster  separated  by  2 to  3 a.j.ies  and  the  aircraft 
within  the  cluster  separated  by  1500  feet. 

| Land-base  dispersal  is  limited  in  part  by  terrein  features 

and  availability  of  real  estate.  Besides  additional  land  costs, 
increased  expenditures  are  necessary  for  a larger  intra-base 

(road  and  cosmami  cat  ions  system,  looser  taxi  ways , and  nure  expen- 
sive protection  against  enemy  infiltration. 

i Water  bases. - The  somewhat  linear  dinpersal  of  aircraft  along 

* a shore  line,  as  shown  in  Fig.  19,  reduces  the  number  of  aircraft 

cfyered  by  the  lethal  area  of  a single  atomic  bomb  as  compared 
with  the  usual  aircraft  dispersal  at  a land  base.  At  a favorable 
| site  for  a water  base,  it  is  very  likely  that  the  ideal  in  d4s per 

slon  of  aircraft  Is  economically  attainable  because  of  the  avail- 
able physical  resources.  The  aircraft  dispersal  area  is  the 
I shore  of  the  water  body.  The  requirements  for  an  Interconnecting 

1 road  and  taxi strip  system  may  be  omitted  and  water  transportation 

substituted.  The  water  body  may  provide  a partial  barrier  against 
infiltration,  particularly  when  the  water  base  is  on  one  shore  or 
1 a river. 

The  possibilities  of  dispersal  afforded  at  a water  base  arc 
j far  beyond  those  of  any  previous  operational  experience.  It  is 

conceivable,  foi  Instance,  for  the  aircraft  to  be  distributed 
along  a twenty-mile  segment  of  river  shore  line.  This  dispersal 
is  particularly  possible  for  boater  operations  when  sufficient 
warning  can  be  giver  before  take-off  to  prepare  for  the  mission. 
Although  greeter  dispersal  of  aircraft  Is  attainable  through 
water-base  operations,  it  le  not  certain  that  a similar  claim 
can  be  made  for  the  dispersal  of  servicing  facilities  because  of 
the  interdependence  of  these  activities. 

An  indirect  benefit  of  vice  dispersal  ic  the  increased  ease 
of  concealing  aircraft  free,  attackers.  The  attacker  mast  spread 
hts  search  effort  over  a grmster  area.  Characteristics  of  the 
6bore  line  may  alco  favor  con^ raiment . If  the  shire  line  is 
wooded,  the  opportunities  for  concealment  are  LaOSSSSi.  A steep 
sloping  bunk  along  the  edr->  cf  the  water  cay  also  hide  as  we1! 
as  shield  the  hydreski  aircraft,  hy  scooping  out  the  bank  with 
earth  moving  machinery  or  by  blasting,  a lodging  ie  quickly  pro- 
vide!, and  a cover  that  blends  with  the  surround  ifigs  will  fur.il  sh 
u high  degree  of  concealment.  Or.  unpaved  ground  Ira  ling  to  its 
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concealed  location,  the  hydroski  attack  bomber  will  leave  short 
tracks  that  are  more  easily  obliterated  than  those  from  eonven- 
tional  landing  gear. 

Unless  concealment  is  simultaneously  accomplished,  disper- 
sal above  a certain  degree  merely  dilutes  the  defense.  ’Blip 
is  particularly  true  when  the  target  defense  consists  of  AA  guns 
where  dispersal  reduces  the  gun  coverage.  With  missile  defense 
of  air  bases,  the  loss  of  defense  density  is  much  less  because 
of  the  longer  range  of  these  weapons. 

The  topographical  characteristics  of  the  areas  surrounding 
water  bodies  are  apt  to  differ  from  areas  in  which  land  bases 
are  located.  At  land  bases,  the  runways,  taxi ways,  and  disper- 
sal areas  must  be  at  the  same  elevation.  An  area  that  provide* 
terreln  suitable  for  a land  base  is  apt  to  be  an  extensive  plain. 
Here  there  are  no  natural  features  to  provide  shielding  against 
blast  and  Fragments  or  to  provide  obstacles  against  aircraft 
attacking  at  low  level. 

The  low  level  attacker  has  an  unlimited  choice  oi  approaches. 
This  situation  may  be  considerably  altered  at  a well  located  water 
base.  Besides  furnishing  shielding  and  concealment,  steep  banks  re- 
strict the  direction  of  low  level  approach  and  raise  the  altitude 
for  pull-up.  Figure  20,  shewing  limited  acecos,  is  tyr'eal  of 
naturally  protected  water-basing  sites. 

2.  Special  Vulnerability  Problems  of  Water  Bases  iixposed 
t.o  Atomic  Attack 


The  proximity  of  the  water  body  to  the  base  exjoccs  the 
aircraft  and  facilities  to  special  types  of  damage  r.ot  possible 
at  land  bases.  This  is  due  to  atcwilr-  burets  on  or  below  the  sur- 
face of  the  water  Such  bursts  will  emuae  a wave  that  may  damage 
aircraft  and  facilities.  Also  rhe  fall-out  of  water  anu  the  L«i,c 
l urge  foil  owl  r«g  the  ‘ urst  are  sources  of  radiological  contamination 
of  ‘ se  water  bese.  A 'him  tpr'ial  vulnerability  pro! ’em  Is  the 
possible  cratering  of  the  floor  of  the  water-  bony,  which  might 
cause  the  aircraft  to  run  ng--.>rn » 

Quantitative  Information  relating  to  the  effects  of  surfao 
or  underwater  detonations  are  believed  * o be  inadequate  t u do  more 
than  provide  or- !t- of  - magr.l  • ; ie  ert  1 mater  . The  available  experi- 
mental data  on  underwater  <-x\  1 isloris  Include  •.r.'.y  err*  atomic  :1s- 
aion  detonation,  Healing  f r«  >i~  .-ail  charg-  * xi-erim*  ntr.  ;»  cons  i-l- 
ere-.r  to  le  :in  nnr*  i !abl»-  pr  * - f i.  ;•  pre  . 1 *’.ng  ti.e,.<-  - 'feet. 

(H-f.  .0). 
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The  wave  effect.-  The  wavt?  phenomena  accompanying  a surface 
or  underwater  burst  is  described  in  Ref.  18.  A deep  water  body 
adjacent  to  the  base  increases  the  vulnerability  to  wave  damage. 
Figure  21  illustrates  the  relative  effect  of  water  depth  on  the 
ranges  of  wave  damage.  The  minimum  height  of  a wave  that  will 
damage  aircraft  and  base  facilities  was  estimated  at  10  feet.  So 
reduction  in  range  has  been  taken  for  the  decrease  of  wave  height 
after  the  wave  enters  shallower  water.  Figure  21  also  compares 
ranges  of  wave  damage  with  the  range  of  damage  to  aircraft  from 
an  air  burst  at  optimum  altitude.  It  is  clear  from  this  compari- 
•' on  tnat  the  damage  from  air  blast  is  greater  than  the  damage  from 
waves  in  shallow  water.  In  view  of  the  wide  dispe  -sal  of  aircraft 
et  a water  base,  it  appears  that  if  the  depth  of  the  water  tody  is 
less  than  100  feet,  an  underwater  burst  is  not  as  efficient  as  an 
air  burst  against  shore  facllitims. 

Thus,  a shallow  water  body  adjacent  to  a water  base  does  not 
add  any  likelihood  of  that  base  incurring  greater  physical  damage 
than  a land  base  under  similar  attack 

Radiological  contamination.-  Radiological  contamination  is 
not  thought  of  as  a primary  means  of  reducing  the  effectiveness 
of  an  installation  such  as  a land  or  water  base.  Radiological’ 
contamination  ie  primarily  a method  of  effecting  personnel  casu- 
alties ratner  than  materiel  damage  and  an  aircraft  base  is  pri- 
marily a concentration  of  valuable  materiel.  To  optimise  the 
degree  of  contamination,  an  underground  or  underwater  burst  is 
required.  With  this  type  of  burst,  blast  and  thermal  effects 
are  greatly  reduced.  Radiological  contamination  is  thus  a bonus 
effect  for  military  targets  that  are  not  apreod  over  too  great  an 
arcs  where  the  blast  loss  of  a single  bomb  can  be  afforded.  With 
ii.o  wide  dispersal,  a water  base  does  not  offer  the  enemy  this 
type  of  target. 

It  has  been  predicted  that  the  area  highly  contaminate.!  by  an 
underground  explosion  would  be  smaller  than  that  of  an  underwater 
burst.  One  reason  is  that  the  density  of  soil  is  greater  than  that 
of  water  and  a smaller  mass  would  he  thro  -i;  into  the  air  to  descend 
at  a distance  from  the  explosion  (Ref.  19).  Comparison  c!‘  results 
of  one  underground  and  one  underwater  burst  does  not  clearly 
support  this  stand. 

In  an  underwater  burst,  the  initial  gamma  and  neutron  radi- 
ations are  almost  completely  absorbed  m a f ew  ysds  of  water. 

Tie re  is  little  neutron- 1 nduc^d  activity  from  ar  underwater  ex- 
plosion and  wile  radioactivity  created  has  a short  half-life.  The 
radioactive  material  in  the  water  will  rapidly  become  inrt leettve 
b'-'caure  of  the  dilution  due  to  mixing  I"  water.  To  contam'nate  the 
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shore,  the  fission  products  and  induced  radioactive  elements  cust 
escape  from  the  water  and  be  deposited  on  the  shore,  for  appreci- 
abie  con tami nation,  the  underwater  atonic  explosion  met  be  oo 
near  the  shore  that  significant  amounts  of  the  fall-out  of  water 
and  the  base  surge,  consisting  of  a coetaninated  dense  miet  mov- 
ing outward,  will  reach  the  adjacent  land  area*.  B»e  Mechanics  of 
base  surge  formation  are  not  well  understood.  It  ia  believed,  how- 
ever, that  a base  surge  will  not  appear  In  a shallot*'  water  AetanKtiau, 

The  aswunt  of  induced  radioactivity  following  an  underground 
burst  depends  on  the  Mineral  content  of  th?  soil-  live  total  radioac- 
tivity nay  be  considerably  uore  than  chat  resulting  from  an  under- 
water burst  of  the  same  yield.  Also,  if  the  bcs£>  is  accurately  de- 
livered, all  of  the  radioactive  Material  is  deposited  within  the  area 
of  the  base. 

Thus  it  does  not  appear  that  the  water  body  constitute-*  » poten- 
tial radiological  hazard  to  the  water  base,  particularly  If  the 
water  body  is  shallow  and  the  base  surge  phenomenon  in  not  present. 

The  water  body  is  not  believed  to  offer  the  eneay  a Means  of  contam- 
ination superior  to  mean*  existing  at  a land  base. 

Cratering  the  floor  of  the  water  bod,'.  - Craters  on  the  floor  of 
the  water  body  caused  by  subsurface  A -boot)  bursts  May  be  of  practical 
significance  to  a water  base  because  of  crater  lips  that  block  take- 
off and  landing  areas.  Since  tie  hydroski  aircraft  does  not  sink 
more  than  a few  inches  when  novlng  at  a rate  above  the  critical  speed, 
only  crater  lips  extending  above  the  surface  of  the  water  are  signi- 
ficant. 

The  dimensions  of  the  crater  depend  partly  on  the  geological  char- 
acteristics of  the  bottom.  A large  single  stage  bomb  detonated  on 
the  bottom  in  bO  feec  of  water  will  result  in  a erst er  diameter  of  kdP- 
tvten  1,5C0  and  2,00  feet,,  depend  log  on  whether  the  bottom  ia  "hard*7 
or  V.>ft , ” and  corresponding  lip  height*  of  35  and  125  feet  above  the 
bottom  (Ref,  20).  In  100  feet  of  water  the  diameters  and  lip  heights  will 
be  somewhat  less  and  will  continue  to  decrease  with  increasing  depth  of 
water.  Although  a weapon  penetrating  the  bottom  before  detonation  will 
cause  a larger  crater,  it  is  unlikely  tnat  an  enesy  would  be  willing  to 
sacrifice  blast  and  thermal  effects  to  crater  the  water  body.  Sc  would 
lose  the  best  effects  of  the  weapon  u*i  disrupt  the  use  of  only  a rela- 
tively snail  part  of  the  water  body.  Even  if  the  crater  lip  does  axtaod 
above  the  water,  it.  will  not  be  necessary  to  reduce  the  lip  when  the 
water  body  provides  an  alternate  operational  arv».  A problem  in  iv>- 
movlng  the  lip  is  presented  by  its  highly  radioactive  contaat.  Con- 
ventional explosives  Bay  be  <asplcryed  to  reduce  tae  lip. 

The  law! -based  counterpart  of  cratering  the  floor  of  the  water 
toiy  by  A-bomb  bursts  is  damaging  the  r urvays  and  tnxlways.  In  general, 
cbe  cratering  of  runways  will  cripple  the  operation  ctf  a field.  TMs 
would  impose  greater  repair  rt'rp^  -T«ents  in  both  time  and  material  than 
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would  be  necessary  for  water  bodies.  Experience  indicates  that 
conventional  boob  hits  of  about  one  bc*b  per  acre  are  required 
to  render  a field  temporarily  inoperative  (Ref.  21). 


The  Effect  of  the  Water 


on  Radar  Boabirvg 


As  noted  previously,  radar  reflects  well  from  land  but  not 
from  water.  Hence,  the  contract  between  water  and  land  on  a 
radar  screen  provides  a good  appr  ach  and  in  easy  target  for 
radar  bombing.  The  radar  reflectivity  of  pared  or  pierced- plank 
runways  arid  taxivsys  at  a land  base  also  contrasts  with  surroundings 
but  is  less  pronounced  thar  land -water  contrast. 

Ihe  contrast  provided  by  water  and  land  bodies  ieaas  to 
improved  bombing  accuracy.  This  improvement  nas  beer  estimated 
in  Itef.  22  which  classifies  targets  attacked  through  radar  bomb 
sights  as  "easy"  or  "difficult".  The  circular  probable  error  of 
bombs  dropped  by  radar  aiming  at  an  "easy1  target  is  approx isaately 
2!#  less  than  for  a "airxicuit"  target.  These  categories  are 
defined  as  follows: 


a)  Targets  with  the  aiming  point  within  8 miles  of 

a land -water  contrast  feature  such  as  a c OtsCw  1 1 RC  f 
lake>  or  large  river; 

b)  Industrial  targets  with  prominent  aiming  points  at 
least  a mile  outside  tht  periphery  of  a large  city, 
i.e.,  a city  with  an  area  or  over  18  square  miles; 
and 

c)  Targets  within  small  cities,  i.c.,  ’ 1 • ten  with  an 
area  of  less  than  l8  square  miles. 

? ) Difficult  Target,  t-- 

a)  Targets  in,  or  or.  the  periphery  of,  large  cl  tier, 
ami  which  do  not  fall  into  r*.»  "eary"  tar;-'t 
gory  by  virtue  of  land -water  contrast , 

It  Is  clear  that  a water  base  is  an  "easy"  target  because  of 
the  land-water  contrast.  It  is  also  clear  that  land  bases  would 
fall  into  the  "easy"  category  If  there  were  water  bodies  within  8 
miles.  Tn  most  cases  the  radar  reflectivity  of  airfield  features 
contrasts  sufficiently  with  surrour;  ling  terrain  that  land  bases 
may  also  ■ oni.  i .ere:  favors t !«■  radar  tombing  targets. 
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C.  LOGISTICS  ANALYSIS 


I.  Initial  Tonnage  Requirements 

Semi  -permanent  ha.~p.  • 'The  initial  tonnage  required  for  a semi- 
permanent base  is  estimated  with  the  aid  of  Ref:  . ?3~?7-  TTie  main 
constituents  of  base  construction  are  runways , tprons,  operational 
and  maintenance  equipment,  and  personnel  facilities.  In  the  semi- 
permanent type,  the  estimate  for  base  construction  of  a lmni-based 
air  group  is  17,^1  tons  and  for  n water-based  lie  group,  11, 6^5 
tons.  The  main  difference  in  requirements  between  the  two  bases 
is  that  a very  small  runway  is  required  for  the  water  base.  The 
initial  supplies  required,  which  include  two  weeks  supply  of  pet- 
roleum products,  ammunition,  spare  aircraft  parts,  and  spare  parts  fer 
other  equipment,  as  well  as  personal  gear  and  f ooo , amounts  to  5,307 
tons  and  is  equal  for  both  versions.  Total  initial  tonnage  required 
for  operations  will  be  22, 75^  tons  for  the  land  base  and  16,962  tons 
for  the  water  base.  All  tonnage  requirements  are  summarized  in 
Table  2 and  shown  graphically  in  Kig.  22 

When  staged  in  terms  of  requirement •=  per  m.-'rsion  aircraft,  the 
base  construction  requi  r<  rent  s amount  tc  193*9  tons  ptr  lani-r  t.ied 
aircraft  and  129*5  tons  per  water-based  aircraft.  Total  initial 
requirements  amount  to  25  .9  tons  for  the  land -bin  *’d  aircraft  and 
188.  5 tons  for  the  water-based  aircraft. 

Temporary  base.-  Apron  space,  living  as  ■ orrodat  ions , an:  other 
facilities  are  cheaper  in  a temporary  base  mar.  . r.  a r cm:  * permanent 
late.  Initial  tonnage  1 ••  pure  . for  the  land  i h:*  sc  - : rue  ! o”.  1:' 

II, 099  tons  and  for  the  water  Vase  construction,  ‘ ,2  U t .-rs:  . The 
initial  supplies  for  the  t emi-omry  Vase,  estimate:  at  . ,?"v  tone, 
art'  almost  SO  per  cent  leer  than  those  :Vr  the  semi  -permanent  t are. 

The  total  initial  tonnage  required  for  the  temporary  Inn:  las*'  is 
13,87S  tons  and  for  the  temporary  water  base,  <S,t  bv  tons. 
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base  construction  and  a very  few  equipment  Items,  are  reduced  to 
one-third  of  the  tonnage  requirements  of  the  large  airhead  base. 

Tne  fact  that  the  runway  is  identical  ir.  the  two  airheads  results 
in  appreciably  higher  tonnage  requiremerts  per  mission  aircraft 
for  the  land-based  version  of  the  small  airhead  than  for  the  usual 
airhead.  The  total  initial  base  tonnage  required  for  the  small 
airnead  land  base  is  estimated  m be  7 . *<97  tons  compared  with 
1,891  tons  f^r  the  small  airhead  water  base.  Initial  supplies  are 
1,769  tone  for  both  versions.  The  total  initial  tonnage  required 
for  the  land-based  version  is  9>?66  tons  and  for  t.he  water-based 
version,  3»660  tons.  When  stated  in  reqilrements  per  mirsion 
aircraft,  the  total  Initial  tonnage  f->r  the  small  airhead  is  308.9 
teas  for  the  land-based  version  and  122  tors  for  tne  water-based 
version.  Relatively  speaking,  the  land-based  system  suffers  when 
the  smaller  units  arc  compared  (cec  Fig.  22). 

Carrier  base.-  Hie  comparison  of  carrier-baced  aircraft  with 
Land-  or  water-Viaued  aircraft  operating  inside  a continent  is  not 
a fiir  comparison.  In  many  cases,  tne-  carrier -based  aircrait  may 
be  Complementary  t ■ either  the  lar.d -based  r v8ter  -tAi.ru  aircraft 
rather  than  a rival  of  e liner  -nr.  T.e  carrier  has  certain  ad- 
vantages, such  as  tne  ability  to  move  at  wi.il  through  open  seas 
and  hence  can  attack  coastal  areas  and  contiguous  inland  areas 
that  are  within  the  radius  of  its  aircraft.  The  carrier  cannot 
get  into  the  Volga  River,  whereas  Iar.d -based  or-  water-based  an  - 
craft  may  operate  there.  The  land-based  or  water-based  aircraft 
will  rot  be  nbio  to  attack  a t oastai  area  .inies6  bases  are  secured 
within  appropriate  distances.  Hence,  it  must  be  remembered  that 
inasmuch  as  the  carrier  is  included  in  this  comparison,  the  com- 
parison is  of  complementary  methods  c.f  operation  rather  than  rival 
methods  of  operation.  It  i6  assumed  that  a carrier  displacing  about 
1*5,000  tons  can  base  an  air  group  of  90  attack  aircraft.  In  this 
case,  the  Initial  tonne/',  e will  be  500  t mr  per  "-isslcn  aircraft. 

2.  Ope  rat  1 r.g  S upp  i x er, 

The  .ogi stirs  requirements  while  a last-  is  in  operation  are 
largely  dependent  up ?i.  the  ammuniti  -r.  and  petrile.au  supplies  needed. 
These  supplies,  shown  in  Kip.  21.  wi  • ! t < i lent  ica.  at  inr.d  ur.d 
water  basts  and  will  deprnd  upon  the  number  of  sorties  flown.  If 
?C  sort  1 on  per  month  arc  fi  jwn,  »n«  t.nnage  . equlre<}  per  miss  lor 
aircraft  per  month  i6  estimate!  at  10P.2  toms,  ar.d  if  '.0  sortie 
11  r«  f i own  . the  tonnage  r*  .j  . 1 * * -1  . 1.  estimated  t-  be  tons. 
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runvay  requirement  as  simple  as  possible.  The  projected  water - 
based  transport  aircraft  described  in  Ref.  2 is  assumed  to 
supply  the  water  base.  Sir  of  these  aircraft  will  be  required. 
For  both  types  of  bases,  the  mission  requirements  for  the  smalt 
airhead  are  reduced  by  two-thirds.  The  empty  weight  of  transport 
aircraft  required  per  mission  aircraft,  shown  in  Fig.  23  and 
Table  3,  is  14.9  tons  per  mission  aircraft  for  the  land  base  and 
7.9  tons  for  the  water  base. 


It  is  very  important  to  consider1  the  tonnage  that  can  be 
salvaged  when  a base  is  moved.  Tonnage  that  is  salvaged  reduces: 
l)  the  weight  of  material,  that  must  be  transported  frcra  the  United 
States  to  foreign  areas;  and  2)  reduces  the  cost  of  war  to  our 
national  economy.  In  all  of  th>-  Vases  examined,  the  runways, 
buildings,  and  ground  construction  work  are  not  recoverable.  The 
material  recoverable  when  moving  is  primarily  transportable  equip- 
ment. 

The  tonnage  recoverable  and  tonnage  lost  are  summarized  in 
Table  1<.  In  a semi -permanent  base,  the  tonnage  not  recoverable 
per  mission  aircraft  is  167-5  tons  for  the  lend  base  and  103*7 
tons  for  the  water  base  For  the  temporary  base,  corresponding 
figures  are  106.6  tons  and  *«0  tons,  respect! vely.  On  the  airhead 
base,  they  are  105-3  tone  and  kO.k  ten*  respectively.  On  the 
small  airhead  base,  the  water-based  aircraft  compares  more  favor- 
ably than  on  any  other  type  of  base.  Here,  the  tonnage  lost  per 
mission  aircraft  is  229-9  tons  for  the  land  base  and  38  tons  fer 
the  water  base. 

In  this  comparison  the  aircraft  carrier  is  more  economical 
than  any  other  kind  of  base  because  it  can  be  move-'  from  one  lo- 
cation to  another  with  no  loss  of  base  constriction  or  initial 
supplies.  These  data  arc  illustrated  in  Fig.  22. 


Tlie  tonnage  required  for  trie  water-based  attack  system  is 
consistently  less  than  for  the  land-hased  system  because  of  the 
smaller  amount  of  surfacing  necessary.  TTie  amount  lost  due  to  a 
base  move  Is  greatest  for  the  land  base.  TTu-  relative  advantage 
of  the  voter-based  system  Increases  vl*h  a decrease  in  alt*  of 
the  air  group. 

In  t.he  airhead  even  the  rep,  .r  supplier  impose  a greater 
nrotlem  for  the  lane  base  because  of  the  limited  sire  of  trans- 
port that  must  ltuii  on  the  minimum  runway  prepared  f..r  attack 
i*. ; r * raft . 


CONRMMTIAL 


\r  c 


TH<{  GUNN  L.  MARTIN  COMPANY  f'NRDENTlAL 

BALT  i MORE,  MARYLAND 


MODEL 
F.K.  HO.  6602 

PAX  ?3 


i 

I 


I 

! 

I 


D.  SYSTEM  FTBQBILIT-' 


Trc:  flexibility  of  this  attack  weapon  system  will  depend 
upor.  the  number  cf  sites  at  which  it  can  be  based,  the  facility 
with  which  these  bases  can  be  moved,  the  number  of  available 
targets  for  the  mission  aircraft,  the  capabi_it.y  of  using  the 
aircraft  effectively  in  case  of  emergency,  and  the  ability  to 
move  in  response  to  various  types  of  enemy  attack. 

1.  Base  Aval-ability 

Ideally,  the  water  at  a water  base  m^sst  be  deep  enough  to 
land  the  large  trenepcrt  aircraft  that  are  capable  of  supporting 
the  attack  aircraft. 

In  the  European  land  mass  there  are: 

1,  'Tver  3 >000  lakes  of  sufi  icier. t size  and  depth  for 
»»j  r i arehal’iny  areas.  large  water-based  trans- 
port operations  would  be  supported  by  wuter-based 
attack  aircraft; 

?)  An  un surveyed  but  large  number  of  additional  Ukes 
suitable  for  the  attack  aircraft  aonej 

3;  10.000  mi  .es  of  rivers  and  r&ruws  having  stretches 

of  sufficient  site  and  d*pth  tc  meet  gross -wc ight 
requirements  f the  vnter-barc-d  Iran  snort. ; and 

^ } 35,000  mi.es  c c.jh stai  waters  containing  hundreds 

of  ' editable  fur  aephit  iou..  ope  rat  i, 

2.  Base  Mob 1 1 ■ i> 

A base  is  considered  t.  \ * a.  ved  wh-r.  ful ! scale  . t«  r»t  li  :u 
in  nil  kinds  of  weather  have  lw  er  «i.tabl  tshed.  . t is  re  *ogni  t«M 
that  par  cl  a.  eperat  i >ns  cou.  i 1 <•  carried  on  ‘r.r  .and  : #>••  s «.  r 
wale;-  bases  prior  to  t.h<  t lmr  vher:  f-.-l  ojx-rat  iosu.  can  be  c ,n- 
,1. Temp 'rnry  Isa.  ling  cat  1 • rsrlr  ■ -•  nr.  t r.v:!.-n- 

when  the  usual  runways  an-  r<  any  f.  r epvrat  lot  . M- ac.-ver , i r. 
l ei  levied  that  the  <•  wpaj  ! - ' between  lar  ‘ base.-,  an  : wnt  - tu\.u  . 
will  be  on  a firmer  ban  i $ l f th-  nut  i-ar  - -.-.on  i :■  *>* ' ot  the  attain 
went  ot  luil  operations  rat  her  that.  .p<ur.  r.wne  .ir:  : : rtry  t an  lard 
er  part  : f.i  ope  r at  t c*rr> . 

The  trnnage  r«-qn.  rer-  : t : i ■.  a-  h • t a;  > was 

r -Muled  tr.  rif-r  t.v'  •••  t imat  ••  the  t.  ruing  e a-u!  • t ••  mraerc* 

oj  . rii'  Sons  . -r>t"  > :»t  tmftt  e:  an  .m-c  T tb  ' • ar  *.  . . - 

1 cfti.ed  F"-g.  ,,|i.  Th<  c ’ r m : rsftugc  r ■.  [■>  r x.  . : 
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aircraft  to  establish  operations  for  the  temporary  land  base  is 
estimated  to  be  103.8  tons  and  for  the  temporary  water  base  28.9 
■cons.  In  the  airhead,  the  corresponding  figureb  are  106  and  31.1 
tons,  respectively.  In  the  smai 1 airhead,  the  minimuE  tonnage  re- 
quirements are  2U7  tons  sued  31.1  tons,  respectively.  It  is  con- 
sidered that  a semi -permanent  base  will  not  be  constructed  when 
frequert  moves  are  likely. 

Temporary  base.-  In  the  comparison,  temporary  bases  are 
moved  by  truck.  The  number  of  trucks  required  will  be  less  if 
sufficient  time  can  bt  expended  to  permit  the  trucks  to  make 
mere  than  cr.e  trip.  In  this  study,  che  requirements  were  in- 
vestigated when  the  trucks  make  one  trip  and  wher.  they  make  10 
trips.  These  data,  ctcmiarl zed  tr.  Table  3 and  Fig.  24,  show  that 
if  the  move  is  made  in  one  trip,  an  average  of  20.fi  five -tori 
trucks  per  mission  aircraft  wllL  be  required  to  move  * land  base, 
and  5>-8  five-ton  trucks  per  mission  aircraft  wi  LI  be  required  to 
mow  a water  base.  If  Lime  can  be  spent  tr  permit  10  trips  per 
truck,  the  number  of  trucks  will  be  reduced  tc  2.1  and  C.6, re- 
spect ivclv. 


The  time  required  tr  move  a base  from  one  sJte  to  another 
is  measured  from  the  time  that  a decision  is  made  t uake  this 
move  to  the  time  when  the  base  is  fully  operational.  The  time 
required  is  invest igated  for  a move  with  trucks  making  one  trip 
or  !>'  trips,  for  distances  of  200  nautical  miles  or  400  nautical 
miles.  Tr.  comparing  the  movement  of  the  temporary  base,  the 
requirements  for  planring  and  preparation.  Including  initial 
loading,  were  estimated  to  be  24  hours  for  both  water  and  land 
baser.  The  time  in  transit  will  vary  with  the  distar.ct  and  the 
nm.ber  of  trips,  but  will  be  the  sane  for  both  types  of  bases. 

It  is  estimated  that  the  runway  rax.  be  construe ' ed  tsii  made  avail- 
able ror  operations  in  3^0  hours.  The  total  time  required  to  achieve 
ful ' ope  cat:  one  is  not  necesr-vrl  x.y  the  sum  of  moving  and  construc- 
tion timer,  rlr.ce  much  of  the  moving  can  be  accompli  shed  while  the 
runway  is  being  constructed. 


The  to-. a.  time  required  versus  the  1 unit  r of  trucks  required 
is  illustrated  lr.  Fig.  and  tie  t >ta.  time  required  versus  the 
d i ••tnnee  moved  is  shewn  in  Talie  ar;d  Fig.  2*-.  These  comparisons 
she  w that,  the  water  tases  we  capable  of  0 >n  rapid  movement  thaii 


Is  er.tl 

jt  oper- 


t.ht  ^urtti  lar.ee. . For  n b arc  move  of  . '00  r.uuticai  a-l.t-o, 
mi.t'-d  tluit  the  '.ami  base  car.  be  moved  and  made  available  ft 
et  1 cr  lr.  Tkx  hour;,  at  one  trii  p,  r truck  compared  with  48  hours  for 
tt:«-  wat'-r  br.rc.  If  1’.  t;  ; p:  per  t r:  are  auun  .tx  til*  requ'r»al 

is  4o6  li  urn  r«jwi  with  . h urt-  When  the  d tt  «*nc«  moved  lr 

400  I'.aui. ; i'h.1  mi  its,  *.  .*•«•  1 1»*  re  jul  r**d  f -r  tin  . «r  i base  whet  one 

trig  is  made  per  truck  ; r-  * '.  :r:  an  i for  the  water  bax.e,  ttu  hours . 

Whet,  i .'  trips  p*  r tr.x  -k  nr*  made,  this  c .impart > r.  . hours  and  U8C 

too rt- , rcs.pe t vc iy • 
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Airhead  base.-  The  comparisons  of  time  fo"  airhead  estab- 
lishment In  Fig.  2 6 show  that  the  water-based  version  has  art 
advantage  over  the  land-based  version  and  that  the  time  require- 
ments are  identical  for  the  large  airhead  and  the  small  airhead, 
ltae  number  of  transport  aircraft  attached  to  each  tactical  air 
unit  is  considered  to  be  determined  by  the  requirement  for  opera- 
tional supplies  rather  than  by  the  requi resent  for  base  movement. 

For  the  airhead  and  the  small  airhead,  it  is  estimated  that  39& 
hours  are  required  for  a 200  nautical -mile  more  of  the  land  base 
compared  with  40*3  hours  for  the  water  base.  If  this  move  is 
400  nautical  miles,  these  figures  are  392  and  44,9,  respectively. 

Carrier. - Movements  of  aircraft  carriers  can  be  made  in  much 
shorter  time.  Assuming  an  average  speed  of  20  knot.R,  a carrier 
can  move  200  nautical  miles  in  10  hours  and  400  nautical  miles  In 
20  hours.  No  initial  preparation  tine  for  runway  construction  is 
involved. 

Enemy  interference.-  Movements  of  lend  and  water  oases  Involve 
many  Togistic  problems”" and  are  time  consuming.  In  this  analysis, 
possible  attrition  to  the  transport  aircraft  and  trucks  making  the 
movement  has  not  been  considered.  If  attrition  rates  are  signifi- 
cant, the  costs  of  such  moves  may  be  prohibitive.  If  enemy  attack 
on  these  lines  of  movement  becomes  important,  the  comparison  rill 
favor  the  water-based  aircraft  because  of  lower  tonnage  requirements. 

3»  Effective  Action  In  Strategic  Baergenctcs 

In  cases  where  it  is  desirable  to  ec*tcentrat*  many  tactical 
aircraft  in  a relatively  small  area,  such  as  bringing  ail  the 
tactical  air  wings  in  western  Eurcpe  to  bear  upon  one  sector, 
-'ffective  mobility  will  be  required.  Since  the  water  -bsts»d  sys- 
tem is  more  mobile  than  the  land-baaed  syr.tem,  these  bases  could 
be  rapidly  mored  from  existing  sites  to  a concentrated  area  for 
operations.  And  since  there  are  praoti-'slly  no  areas  in  Europe 
where  adequate  water  bases  are  not  available  within  the  radiuc  of 
this  aircraft  from  enemy  targetr. , it  nppeitrs  that  the  water-tased 
attack  aircraft  possesses  the  capability  of  maximum  consent rati or 
whenever  strategi cal  ly  necessary. 

4 . rifrc-ctive  Moveaw^ul  in  Response  to  Attack 


Here  again,  mobility  is  of  prime  i nportanoe . V the  bases  are 
sub Jed  to  attack  fros:  enemy  tactical  aircraft , they  can  be  moved 
out  of  range  of  the  <nray  bases  wort  easily  and  more  quickly  if 
they  are  water  based  than  if  they  are  land  based.  If  the  attack 
is  from  advancing  Sand  troops,  the  water  base  car.  be  moved  faster 
than  the  land  base  and  Little  will  be  left  for  the  enemy  to  use. 

In  either  jise,  the  aircraft  themselves  could  be  evacuated  with 
equal  speed  and  Down  to  fields  ir.  the  rear.  If  the  attack  is 
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coming  from  saboteurs  who  arc-  In  the  area  and  if  the  aircraft  are 
parked  in  one  unit,  the  water  base s have  less  area  to  be  guarded 
by  security  fences  or  other  devices,  if  the  water-based  aircraft 
are  wideiy  dispersed,  then  possibly  they  would  require  the  same 
area  to  guard  as  w.uld  the  land-based  aircraft.  So  from  this 
aspect,  the  water  bases  may  have  ar.  advantage  'ver  ..and  bases. 

5 . Summary 


Advantages  to  be  gained  from  flexibility  depend  upon  base 
mobility  more  than  any  -ther  facfr.  The  water  base  car.  be  moved 
from  one  spot  tc  another  with  greater  facility  than  the  land  base 
The  main  reason  for  this  advantage  is  because  of  the  small  rurvsy 
requireiuc-i. Ls  :f  the  water-based  aircraft.  Tne  superior  nobility 
of  the  water  base  over  the  .ard  base  wiO  lead  to  more  effective 
actior  against  enemy  targets,  against  enemy  advances,  and  against 
a-eas  where  it  is  desired  to  -se  a.  1 a/ai  able  aircraft. 
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This  section  considers  thi  costs  associated  wit!',  tne  estab- 
lishment ar.d  oj'r-i  at  i _r,  f the  be:  systems  describee,  previously 

and  il  jus:  rated  in  Figs.  . nr.i  \J. 
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Carrier. - The  45, OCX) -ton  aircraft  carrier  is  estimated  to 
cost  $150  million  at  present  replacement  costs.  Wtis  amounts  1 

to  $1,667,000  per  mission  aircraft.  j 

Orerseas  base  construction  Is  listed  s«  one  of  six  critical 
Items  In  wartime  planning.  Hie  water-based  aircraft  show  a con-  1 

aider able  advantage  over  land-based  all  craft  with  respect  to  * 

original  base  construction  costs.  This  advantage  Is  of  even  greater 
importance  since  the  savings  arc  cumulative  when  baser  are  moved  . 

from  one  site  to  another.  ! 

2,  Total  Value  at  a Base  ( 

t 

In  this  study,  each  attack  aircraft  is  estimated  to  coat 
$696,000  regardless  of  whether  land  based  or  water  baaed.  This 
estimate  is  based  upon  the  assumption  that  a large  number  of  these 

aircraft  will  be  Manufactured.  1 

Hie  personnel  requirements  are  estimated  to  be  ? , jOO  for  the  1 

semi -permanent  base,  1*500  for  the  temporary  base,  9,JOO  for  the  ; 

airhead  base,  and  767  for  the  small  airhead  base.  These  require- 
ments are  estimated  to  be  identical  whether  for  la»vd  base  or  water 
base.  Personnel  training  and  traveling  costs  are  estimated  with  j 

aid  of  Ref.  27  to  be  $23.6  million  for  the  semi -permanent  base  and 
airhead  base,  $20.1  million  for  the  temporary  base,  and  $7*9  >11* 
ion  for  the  small  airhead  base.  When  estimated  per  mission  air-  [ 

craft,  personnel  coats  are  $262,000  for  the  semi -permanent  base,  I 

airhead  base,  and  small  airhead  base,  and  $223,000  fox  the  tempor- 
ary base . j 

Initial  supplies  are  estimated  an  a two  weeks  basis  to  cost 
$2-4  million  for  the  semi -permanent  base  and  airhead  base,  $1.2 
million  for  the  temporary  base,  and  $0.8  id  111 on  for  the  small 
airhead  base. 

To  transport  supplies  to  the  lard-based  a! iheeri . PC  existing  j 

low-tire-preEsure  and  low -wheel -loading  aircraft  costing  $6'f.  3 « 

million  will  be  required.  This  type  is  used  because  air  transport 
Is  necessary  in  the  construction  stages.  At  the  water-based  air-  1 

head , the  projected  transport  can  be  used  (Refs.  1 and  2).  Six  | 

of  these  aircraft  costing  $34.5  million  will  be  required.  Trans- 
port requirements  for  the  email  airheads  aj e one -third  uf  those 
for  the  airhead a. 

When  the  total  value  at  a base  io  computed,  the  difference 
between  the  water  base  and  tilt  land  base  is  not  very  high.  It  is 
$100.9  alllion  for  the  semi  permanent  land  base  and  $104.6  million 
for  the  semi -permanent  writer  base.  Reduction  of  base  facilities  s.ud 
initial  bupply  level  leads  to  a lower  total  value  for  the  temporary 
bare,  $94.7  alii  ion  and  $90.0  mil  lion,  respectively. 
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The  total  value  at  a land-based  airhead  is  $167  million  com- 
pared with  $130.3  million  for  the  water-based  airhead.  For  the 
small  airhead,  these  figures  are  $68.9  million  and  $45  million, 
respectively. 

When  the  carrier  is  included,  it  is  found  that  the  total 
value  is  much  higher,  namely  $24 6.7  million  for  an  air  group. 

When  stated  on  the  basis  of  value  concentration  per  mission 
aircraft,  the  carrier  is  highest  with  $2.76  million.  In  all 
eases,  the  water-based  aircraft  is  below  that  of  the  laud-based 
aircraft  (see  Table  6 and.  Fig.  27). 

3. Value  Lost  When  Base  is  Abandoned 


The  value  ir  0 when  a base  is  abandoned,  summarised  in  Table 
6 and  Fig.  27,  is  important  in  determining  the  practicality  of 
moving  a base  to  another  site.  The  materials  recoverable  from 
both  types  of  bases  are  vehicles,  transportable  equipment.,  and 
supplies.  Construction  of  buildings  and  labor  expended  cm  the 
site  are,  of  course,  lost.  It  is  estimated  that  7.6  million 
will  oe  Lost  when  a semi -permanent  land  base  is  abandoned,  cam- 
oared  with  $13*2  ml Llion  for  a semi -permanent  water  base.  The 
value  lost  is  $8.9  million  for  a temporary  land  base  und  $4.9 
mi  11  lor.  for  a temporary  water  base.  For  the  airhead  base,  the 
value  lost  is  $9-2  million  compared  to  $5.4  million.  At  the 
small  airhead  base,  !t  is  $6.2  million  compared  with  $3  million. 

In  comparison,  the  carrier  loses  nothing  when  moving  from 
base  to  base  unless  attrition  di**.  tc  eneny  action  is  introduc'd . 
Tts  only  cost  for  moving  is  fuel.  Since  movement  is  in  effect 
part  of  tne  designed  operation  of  the  carrier,  it  ear  tie  said 
that  novemeni  is  almost  costless. 

4.  Mohl  I ity  Costs 

The  annual  base  c sts  are  compared  when  the  bae«-  is  station- 
ary nnri  uhAn  tne  base  Has  10  moves  n year.  From  a practical 
standpoint,  it.  is  ur  likely  tnat  a semi -permanent,  base  would  be 
moved  and  if  a move  wi  re  male  from  a c.-xi  •permanent  base,  it 
would  be  to  another  base  which  would  be  a temporary  structure. 
When  this  move  in  madf  , the  cost  of  makit.v  a mow  equals  the  cost 
.»f  construction  of  the  base,  ess  salvage  ^ i or  the  old  base,  plus 
t rax.  sport  nt  i -r..  Except  wheri  attrition  I r nr  enesy  action  is 
important,  transport  at  ior.  costs  nr<  negligible. 
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compared  with  $49-8  million  lor  the  water  base.  With  small  air- 
heads, the  comparison  is  proportionately  more  favorable  to  the 
water  base  where  the  cost  of  1C  moves  is  estimated  to  be  *69-1 
million  for  the  land  base  compajvd  with  S29  million  for  the  water 
base.  The  comparative,  cost  for  making  moves  with  the  assumed 
carrier  depends  largely  upon  the  amortisation  rate  of  the  carrier 
itself.  This  is  a four  year  period  which  would  siean  a cost  of 
$37*7  million  a year.  Costs  of  mobility,  sunmarized  in  Table  7 
and  Fig.  2 8,  are  lower  in  all  cases  for  the  water-based  aircraft 
than  for  land-bated  aircraft  and  lower  yet  for  the  carrier. 

5.  Tie  Size  of  the  Unit 

It  is  possible  to  domicile  the  water-based  aircraft  in  small 
units  for  purposes  of  dispersion  without  being  subject  to  rapidly 
rising  base  construction  costs  per  mission  aircraft  (see  Fig.  20). 
Since  runway  costs  are  e^ual  for  either  a group  of  90  aircraft  or 
a squadron  of  30  aircraft,  the  base  cost*  per  mission  aircraft  are 
greatly  increased  when  the  number  of  land-based  aircraft,  is  reduced 
from  <f0  to  30.  The  increase  for  the  water- base i aircraft  is  each 
less. 

6.  Cost  Summry 

Bases  for  the  hydrosM  water-based  aircraft  cost  less  thnr 
tases  for  the  conventional  land-based  aircraft,  primarily  because 
of  differences  of  the  runways.  Since  runways  are  not  recoverable, 
the  value  lost  when  a base  Js  abandoned  is  considerably  more  for 
the  land  base  than  the  water  base.  For  these  reasons,  the  cost 
of  nobility  is  much  less  l'or  the  vater  base  than  for  the  and  base. 
The  errrier  base  Is  more  expensive  than  a land  bane  or  water  has" 
with  rempect  to  initial  costs.  However,  the  costs  of  moving  ar 
negligible  for  the  -arrler  so  that  when  a high  .iegre,  ,..f  m.,1  .!»>.> 
is  required  the  carrier  beeoEva  the  cheapest  bar. 
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SraUCTJRAL  CONSIDERATIONS  AND  WEIGHT  DETHWIHAriGNS 


* . ZCT  INSTALLATION 


The  prime  advantage  cf  the  hydroski -equipped  airplanes  is  their 
ability  to  take  off  and  land  on  various  surfaces.  They  will  be 
capable  of  landing  and  taking  off  from  ice,  snow,  or  water  and  landing 
in  any  relatively  unobstructed  area. 

The  eiralane  will  be  non -buoyant  (in  the  sense  that  take-off 
will  not  be  from  a buoyant  static  erudition  in  the  water),  which 
necessarily  dictates  that  a minimum  planing  speed  be  maintained 
while  on  the  wat_r.  The  risk  of  engine  failure  while  water  taxiing 
does  not  seem  to  warrant  the  weight  penalty  involved  in  making  a 
dense  airplane  of  this  type  Into  a buoyre  configuration.  After  the 
landing  on  water,  it  is  then  necessary  to  rnxL  to  the  beach,  a pre- 
pared ramp,  jr  a floating  carrier.  Even  though  the  non -buoyant  con- 
figuration will  i,uU  take  o/i  iron  a floating  position  in  the  water, 
it  is  designed  to  remain  afloat  in  case  of  a water  stall. 

The  required  size  of  the  reag>  is  a function  of  minimum  water 
planing  speed,  throat  to  weight  ratio,  and  coefficient  of  friction. 

For  example,  the  resign  selected  for  comparison  has  a thrust/weight 
ratio  of  O.50  and  % minimal  planing  speed  of  30  knots.  If  a simple 
wooden  ramp  vet-dovn  with  water  Is  used,  a length  of  only  120  feet 
is  required  to  attain  the  minimum  planing  speed  and  transition  onto 
the  water.  When  trai'sitiocing  from  the  water  at  the  minimum  planing 
speed, the  airplane  couia  he  brought  to  a stop  in  appro*-) matcly  IS) 
feet. 

Wei  sod,  aud,  or  wther  low  friction  surfaces  may  also  be  used 
for  landing  and  taking  off.  Landings  on  hard  surfaces  will  necessarily 
be  1 Incited  to  emergencies  to  preclude  excessive  ski  wear  except  where 
some  arx-esting  gear  device  is  used  to  shorten  the  run  out. 

Die  tri-ski  configuration  shevn  in  Fig.  12  was  evolved  by  con- 
sidering the  Inportance  of  having  the  longest  possible  bomb  bay  door 
and  the  necessity  of  providing  foi  later* 1 stability  at  low  planing 
speeds.  Tne  size  of  the  skle  has  been  selected  to  maintain  a minimum 
planing  speed  of  50  knots. 

The  forward  ski  (Fig.  29)  is  retracted  luto  the  furelage  aft  of 
Hull  Station  195  and  extend'  from  longeron  to  longeron  at  its  widest 
section.  When  extended,  the  forward  cki  is  supported  by  s k-bar  linkage. 
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The  aft  shock  strut  incorporates  a cylinder  for  adjusting  the  trim 
of  the  ski  relative  to  the  airplane  by  the  ptlot.  In  both  the  re- 
tracted ami  extended  positions,  the  aft.  strut  is  secured  by  a lock 
on  the  drag  strut.  The  forward  ski  is  fitted  with  hinged  water 
flaps  that  are  pilot  controlled  to  vary  the  effective  ski  area. 

The  water  flaps  are  extended  in  order  to  Maintain  a low  planing 
tpeed  and  retracted  for  landing,  and  high  speed  planing. 

Smaller  skis  (Fig.  50 ) are  attached  to  each  wing  tip,  surd  when 
retracted,  they  fora  the  wing's  lower  contour.  A trim  cylinder  io 
included  in  the  support^**  .Linkage  so  that  ski  trim  nay  be  pilot 
controlled.  The  tip  skis  are  secured  in  the  down  position  by  a 
lock  on  the  .sain  strut,  and  secured  in  the  up  position  by  a sequence 
operated  loci;  on  the  wing  structure. 

From  this  preliminary  investigation,  it  was  determined  that 
the  use  of  hydroskiu  will  suve  a total  of  60  of  the  90  cubic  feet 
of  fuselage  volume  required  in  the  conventional  wheel  landing 
cyear.  The  total  weight  saving  of  the  skis  over  the  landing  gear 
is  considered  to  be  negligible. 

All  three  skis  have  pointed  trailing  edges  which  are  Intended 
to  reduce  landing  impact  loadings  and  vibration  problems  at  high 
speed  planing.  Should  maneuverability  far  ground  handling  be  de- 
sired on  a hard  surface  where  ski  wear  would  be  too  great,  small 
handling  wheels  any  be  installed  integral  with  the  skis.  For  the 
tip  skis,  this  would  require  a fairing  In  the  wing  to  house  the 
wheel. 


B.  DETOPHTBIIK  THE  SIC I SIZK 


Id  *•  j uab _j  shine  the  ski  site  for  the  attack  airplane,  which 
has  » c.rons  :.’ght  of  approximately  50,000  lb,  it  was  assisted 
that  *le  minimum  pinning,  speed  should  be  approximately  90  fps 
(50  knots).  The  problem  then  boiled  down  to  « lateral  nation  of 
the  area,  a.'nect  ratio,  and  trx»  that  would  svqyport  the  required 
loads.  One  of  th*»  major  piobleNfs  was  the  de  tend  nation  of  the 
number  of  skis  and  their  arraagtaj-ni  in  a manner  that  would  be 
compatible  with  the  selected  airframe. 

Initial  studies  involved  around  a single  ski  configuration 
with  small  outriggers  on  each  wing.  It  became  increasingly  ob- 
vious that  this  system  was  impractical  because  the  required  ski 
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fuselage  volvne  aa3/w 
area  could  not /^^t^precluded  the  use  of  Win  •kij  ** 
bottom  area*  l^iis  s*®e  Ttto  the  uiag  bottom  surface.  Re 

less  they  could  be  retracted  V c_.  COasidered  because  of  the 

traction  into  the  wing  'J^L^lties  which  aight  arise  due  to  space 
wing  structure  «u*i  the  diflicul  3 -point  suspension  be  vised 
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the  length  was  eet*bl^!?-nL  with  the  TZt,  MC* 

bomb  bay.  Based  00  included  to  relieve  tME*ct  -Lo*dn- 

as  Martin,  * Pointed  atern  vaa^ci  33  .quare  U*t- 

% 

-ass*  ars&srss^M  — 1 ” u,wl 

below: 


Syabola ■ - 

S * area  (sq  ft) 

b ■ width  (ft) 

b - average  width  (ft) 

ave 

p , dcadrise  angle  (deg) 

a - effective  deadriae  angle 

(deg)  _____ 

s « 33  sq  ft 

V.  at  *)  rt 


^ - hydrodjmaadc  lilt  (ib) 

L » length  (ft) 

x - ski  trim  angle  (deg) 

r . bydiolytw*j.c  real  stance  (j-b) 

X thrust  (lb) 

0*  (eatiaatad) 


L ^ 
6*? 


. £.06 


fto»  Ref*  13 

6 „ d.te«io«4  to  <*  •w™*-*11*1*  500 

W> 

A . 35  * 503  - 16,300  lb 


I 


THE  GLENN  L,  MARTIN  COMPANY 
BALTIMORE,  MARYLAND 


QOMHMNYIAL 


MOOEL 

ER.  NO.  6602 
PAGE  B-7 


The  tip  ski  was  determined  In  a Banner  similar  to  that  used 
for  the  main  ski.  Care  vas  exercised  to  ansure  a minimum  distur- 
bance to  the  basic  structure.  Pertinent  factors  for  these  skis 
are: 

S « 13  sq  ft  t **  14* 

b - 2.00  B = 0 

L S 13  , ~ 

j * -15  * ip  * 3*25 

From  Ref.  13 

^ was  determined  to  be  approximately  450  lb/sq  ft 
A - x 450  - 5,850  lb  for  a total  of  11,700  lb/sq  ft 


TYje  inverse  lift/drag  ratio  at  these  speeds  is  given  below  as 
determined  by  methods  outlined  in  Ref.  13. 

Main  ski  * 0.273 

Tip  ski  ^ - 0.278 
T 

Since  - exceeds  0.300  it  can  readily  be  seen  that  there  is 

sufficient  thrust  to  maintain  these  speeds.  Typical  take-off 
resistance  and  performance  la  shown  in  Pi g.  31. 

To  establish  planing  equilibria,  it  was  necessary  to  consider 
ski  positions  as  well  an  forces  of  thrust,  lift,  ''rag,  and  weight. 


C.  WEIGHT  CWARISCi 


The  statistical  comparison  of  skis  and  wheeled  larding  gears 
in  Appendix  A indicates  a lighter  weight  for  ski  installations. 
Information  available  on  skis  is  very  limltea  «ad  is  not  repre- 
sentative of  a production  typo  installation.  Also,  the  statistical 
analysis  dealt  only  with  the  landing  device  with  it?  supporting 
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struts  and,  as  such,  can  only  he  used  to  indicate  a trend.  The 
type,  size,  and  location  of  Tending  devices  appreciably  affect 
the  aircraft  configuration  and  structural  design.  A direct  con- 
parison  can  only  be  Bade  by  an  analysis  of  specific  design*- 

For  this  comparison  a land-based  alrplaae  configuration  has 
been  selected  that  has  a taadea  landing  gear  housed  in  the  fuse- 
lage with  auxiliary  wing-tip  gear;  the  water-based  version  has  a 
single  nain  ski  boosed  in  the  fuselage  and  twin  skis  located  on 
the  wing  tips. 

Undoubtedly  there  will  continue  to  be  developments  in  the 
aircraft  structural  field  in  the  period  covered  by  these  studies. 
Improvements  say  be  expected  in  construction  Methods  and  in  the 
quality  of  the  naterlals  used.  Honeycomb  construction  for  con- 
trol surfaces  and  secondary  structures  will  be  used  rare  extensively. 
The  development  of  very  high  heat  treated,  high  strength  hjkO  steel 
will  have  a Bluer  effect  on  the  over-all  design.  Xew  slvselirsi 
alloys  are  being  developed  of  which  the  XA785  series  is  presently 
showing  an  6 per  cent  increase  in  tensile  strength  over  the  75S 
series.  Fatigue  strength  and  other  physical  properties  are  about 
the  sane  as  758  and  it  will  have  approximately  the  sane  llaltatlans 
in  its  use.  Titsniu*  alloys  in  development  that  retain  their 
strength  at  elevated  temperature  are  now  approaching  the  strength- 
weight  ratio  of  the  altadaun  alloys.  Ugh  production  and  a sub- 
sequent reduction  in  cost  will  encourage  nose  extensive  use  of  thi  s 
alloy. 


I 

I 


I 

I 


J 


The  foregoing  development*  in  the  field  of  aircraft  structural 
design  will  tend  to  lower  the  structural  weight.  Unfortunately, 
there  are  other  considerations  such  as  corro -ion, fatigue,  and  tem- 
perature problems  that  will  have  an  opposite  effect  and  nay  nullify 
any  expected  improvement.  It  is  assumed;  therefore,  that  the  esti- 
mating procedures  bas**d  on  current  performance  will  satisfactorily 
predict  structural  weights  for  the  period  covered  by  this  study. 

The  suemary  weight  comparison  of  the  ski -equipped  and  wheel- 
equipped  attack  airplanes  was  given  in  Table  1. 

1.  Method  of  Analysis 

Methods  used  for  the  weight  analysis  of  aircraft  vary  with 
the  purpose  for  which  the  analysis  Is  prepared  and  the  time  available 
for  the  evaluation  of  specific  configurations . Generalised  formula* 
for  the  estimation  of  structural  ccmpooants  are  usually  developed 
from  statistical  information  with  a purely  esperical  or  s semi- 
theoretical  base.  In  general,  each  aircraft  manufacturer  and  military 
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procuring  agency  has  developed  or  adopted  its  own  methods  and  formulas 
Cor  weight  analysis.  Many  of  these  methods  have  been  presented  as 
papers  to  technical  societies  and  others  are  available  as  the  result 
of  contractural  efforts  of  research  organizations  such  as  Rand,  Inc., 
and  the  Willow  Run  Research.  Center.  A number  of  these  methods  were 
available  awl  investigated  for  use. 

For  this  analysis  a method  was  needed  ti*at  would  provide  gener- 
alized formulas  for  major  structural  components  and  provide  a reason- 
ably accurate  total  component  weight  in  a short  period  of  time.  It 
was  also  necessary  that  these  formulas  contain  the  parameters  affecting 
weight  in  their  proper  relationship  to  the  total  so  that  the  formulas 
could  be  used  in  the  optimization  studies  of  the  individual  components. 

Of  the  formulas  investigated,  those  used  in  this  analysis  that 
have  been  based  cm  methods  used  at  the  Martin  Company  and  those  contained 
In  Ref.  26  and  applied  in  Ref.  29  were  found  to  have  the  most  consistent 
accuracy.  Methods  using  a more  detailed  theoretical  analysis  as  exeaqpli- 
fted  by  the  multiple  station  analysis  of  Ref.  30,  require  considerably 
more  time  to  apply  and  are  only  valuable  as  a mare  refinca  ere  ok  when 
the  situation  warrants. 

In  the  following  analysis,  fairly  detailed  stress  checks  were  made 
on  the  major  structural  components.  Hals  procedure  was  followed  because 
of  the  rather  unconventional  fuselage  configuration  dictated  by  the  "area 
nils"  and  because  of  the  eiiects  of  the  landing  devices  and  their  locations 
on  the  fuselage  and  wing.  These  structural  analyses  checked  very  closely 
with  the  results  obtained  by  estimating  formulas. 


design  gross  weight  (lb) 
basic  wing  weight  (lb) 
total  horizontal  tall  weight  (lb) 
tuul  vertical  tall  weight  (lb) 
basic  fuselage  weight  (lb) 

3ki  unit  veight  (lb/sq  ft) 
horizontal  tail  unit  weight  (lb/aq  ft) 
vertical  tali  unit  weight  (lb/uq  ft) 
ultimate  loort  factor  (g) 
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DGW  a 

w - 


w. 


HT 


VT 


irr 

,JVT 

ULF 
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S = area  (sq  ft) 
b = span  (ft) 

AR  ^ aspect  ratio 

' c/4  = sw®eptack  angle  at  the  quarter  chord,  (deg) 
Cp  = root  chord  (ft) 

CT  = tip  chord  (ft) 
t = majcUua  airfoil  thickness  (ft) 
tjj  = naximn  root  chord  thickness  (ft) 
t«p  - aaxijnum  tip  chord  thickness  (ft) 
te  * effective  airfoil  thickness  (ft)  = ^ 

a * taper  ratio  CT/CL 

bc/4  ~ BP*°  of  quarter  chord  (ft) 

,JTL  = ultimate  tail  load  (lb) 


H « height  (ft) 
L * length  (ft) 
« width  (ft) 


F « total  load  (lb) 
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Basic  wing  weight  ~7T^  ] 


DGW  x S 


h c. 


cos  A. 


M + *) 1° 


(m*  x now  x 


Hie  term 


.6?  fraes  the  above  equation  can  be 


conveniently  used  as  a weight  factor  in  configuration  optimization 
studies  in  which  this  factor  is  plotted  against  varying  aspect  ratio, 
sweep-back,  taper  ratio,  and  airfoil  thickness. 


Horizontal  Tail 


v flTTL  V*  I * , „ 

“HT  “ K3  [IT  x J ♦ 1*375 


WHT  = UHT  X 3 


Vertical  Tail 


v fa”*  bcy'4  1 ^ 

\ X t j + A*5 


W._  ■ W,_  x S 
VT  VT 


n Malaga 


Vj,  x L ( 4 H- ) 


-e  K.  (ULF  x P t L): 

O U iJ  R 
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4.  Weight  Derivation  - Water-Based.  Airplane 


= 320  sq  ft 


11.62  ft 
7.75  ft 
22,300  lb 


= 33  ft 


= 0.833  ft 
- 0.667 


X<V  * 

*2  s 


m:  0.833  ft 


0.0033  ( statistically 
determined) 


v;  0.90*  x 

V 


AB  x (1  t X) 

k2 V^r* 

(cos  acA)  2 ^ + x cj 


(ULF  x DOW  x SV6? 


W - 0.90  x 0.0035 

w 


[ oTfvfr?  X fei0;6^?  STT.T57?)  J 


(13  x 22,300  x 320)' 


3,000  lb 


•Ntm::  Factor  of  G.yu  - ..  «*u>  >->  - fficient  type  of  wing  c .r.fi  surnt.1 00 . 
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Wing  Weight 

Wing  Special  Features 

Leading  Edge  Flap  (25  x 2 Ib/sq  ft) 
Dive  Brake  Provision  (36  x 4 Ib/sq  ft) 

External  Stores  Provision 

Tip  Ski  Provision 

Effect  of  Tip  Ski  Loads  on  Structure 
Surface  Control  Provision 
Anti -Icing  Provision  (320  x 0.06  Ib/sq  ft) 
Fuel  Provisions  (539  x 0.09  Ib/gal) 


3,000  lb 


TOTAL 


3, *83  lb 


Tail  Group 

Horizontal  Tail 


s 

* 79  sq  ft 

^ * 

0,  535  i t 

CR 

* 3.92  ft 

S*  " 

0 080  ft 

CT 

» 1.3?  ft 

% - 

0.  J63  ft 

b 

- 15. U ft 

■c/U  ; 

*5* 

b 

e/4 

- 21.8  ft 

im.  - 

46,000  x 1.5  &9,000 

t 

c 

6 per  cent 

S * 

O.OVX)  i statistically 
determined) 

b ] 

,,  I 1TTL  c,  1 r*  . ! 69,  COO  21. rt  |-  , .... 

rr  K->  [ir  * J " 1073  °-0VXj  ^ ■ W~'  * ST.  J * 1*,,J 


i . 1 J b ft  ,t  ft 
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KB 


"HT  * ‘"‘Hr  X 3 


‘HT 

« 8.15  lb/sq  ft  x 79 

sq  ft  « 

Vertical 

Tail 

S 

37  sq  ft 

S c 

8.0  ft 

b 

CT  " 

2.0  ft 

\ 

b = 

7.^2  ft 

t 

c 

bcA  " 

11.5  ft. 

K4 

AcA  “ 

50* 

WTL 

“Vt  " b l~§~  * t~  J + 3 -5 


6hk  lb 

--  0.43  It 
- 0.12  ft 

* 0.36  ft 

= 6 per  cent 

* 0.0528  (statistically 

determined) 

* 16,900  * 1.5  . 25,350  ib 

0.0528  [Sjp  * ] * ♦ 1.5 


* S-3  lb/sq  ft 


l‘VT  ~ “vT  X 3 

•n.  5 3 lb/ 'si  ft  x 37  si  f.  « ;-4l»  lb 

Korizartal  Tail  (I4  it 

Vertical  Tail  V; 


TYITAI,  cftd  lb 


Fuselage 

l - yz.o  ft 


H ■»  4.o7  ft 


5.0  ft 


Kt  ■ 6.72  (statifcticr.lly  deternum-d) 
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?ta&ic  P-spelaae  Weight 

VL,  = if.  x L (W  + #) 

F > 

* 6.72  * 52.0  (5.0  + 4.67^') 

Dive  Brakes  (15.5  x 10.0  lb/sq  ft'.) 

Rotary  Baab  Door 

Guns  and  ib—unltioo  Provision 

Electronics  Provision  (0.06  x 6°7  lb) 

Cabin  Preasuri ration  Provision 
Ski  Provision 

Engine  Installations  Provision 

Fuel  Tank  Provision  (796  x 0.10  lb/gal) 

Surface  Controls  Provision 

Hydraulic  and  Electrical  System  Provision 


TOTAL 


2,506  lb 


5,kj6  lb 


Main  Landing  Ski 
S (Main) 


S {Hinged} 


20  sq.  ft 
15  rq  ft 


- 11.6  ft 


(Over -all)  - **.55  ft 

(Basic  Ski)  - 2.0  ft 

~ (Basic  Ski)  * 5.B 


P - Ik, 000  lb 
ULF  - 5-5  B 

Landing  Gross  Wt  * Taka  -off  Gross  Wt 
Less  5C$  Fuel  and  Uoabs 

» 0.112  (statistically  dete mined) 
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"a  ' O"  * | * 3)* 


• O.U.B  (J.5  x ii^SS  * 5.fj)i 

* 10.4  lb/sij  ft 

Basic  Ski  Weight  >tLi8>  10.4  x 20  « 208  lb 


»s  x S - 7.0  x 13  - 91  lb 


Hinged  Ski  Vt 

W 

Main  Ski 

Forward  Strut  (Rigid) 

L ■ jj.9  ft 

Max  Resultant  Reaction  - 21,700  lb 
Strut  Weight  - L x 13  lb/ft 
Aft  Strut  (Olco) 

I*  « 50  in. 

Max  Resultant  Reaction  « it 


70  lb 


Strut  Weight  « L x 5.0  lb/ia. 

Struts 

Opr.  rating  Mechanism  (10*  .■%  Ret r) 
Ski  Folding  Mecbanisa 
Mechanism 
Total  Main  Ski 

■lng  Tip  handing  :aqs 
Tic  Skis 

S * 13.5  s«i  ft  (each)  XJtf 

L - o . 34  it  k 


■ .250  3* 

“ 62  lb 

« 12  lb 


MODEL 

EM.  MX  &*>? 
FA06  B-17 


299  lb 


520  ib 


7-’»  lb 


695  lb 


5-5  g 

O.n?  (statistically  determined) 
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W « 2.1  ft 

F = 7,000  lb 

“s  ■ H imr  x I * 

A no  /A  a „ 7000  , 6.^4  . i 

a °*u^  (3°  *333  x Si"  ' 

* 3.3  lb/»q.  ft 

Ski  Weight  * ws  x S - 3.3  x 13.3  x 2 * 220  lb 
Strut 

L - 2 ft 

Ma«.  Renultant  Reaction  •-  21,000  lb 


Strut  Weight  -Lx  27.6  .lb/ ft  x 2 » 

- no  lb 

Operating  He  chanl aa  (10^  wt  Reti) 

« 33  lb 

Total  Tip  Ski* 

363  lb 

Suwnry: 

Hair  Ski* 

653  lb 

Tip  Skis 

36J  lb 

Total  Ski* 


1,056  lb 


Surface  Control* 

Cockpi  t.  Cottrvxe 
AuUzr-Mc  Pilot  (B  9) 
Syute*  Coo  troll. 

Total 


kO 

100 

553 


673  lb 
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Electronics  Group 


AH/ARC -54  (Radic  Set)  69  lb 

AN/ARN-21  (TAC  Oexf -range  Nay*)  66 

AH/APW-11A  (Mark  Bee con)  51 

AH/APS-54  (Tall  Warning)  15 

AH /ATX -IS  (IFF)  57 

AN/APX-27  (IFF)  41 

AK/AFH-79  (GPl)  173 

Break  Away  Computer  12 

Fire  Control  316 

Shelves  Supports  etc.  21 


TOTAL  625  lb 

Anament  Group 

Pilots  Protection  500  lb 

Bomb  and  ScJcet  Release  System  15 

Bomb  Boor  Mechanise  120 

Gun  Mounts,  Rings,  and  Supports  50 

Aoumitian  Chutes  25 

Amznltion  Boxes  72 

Blest  Tunnels  15 


TOTAL  595  lb 


555  lb 
145  It 
176  lb 

Total  Fixed  Equipment  5,505  lb 
TOTAL  WEIGHT  XHPTT  - WATER -BASED  ATTACK  AIRPLANE  17,075  lb 


Furnishing* 

Air  Conditioning 
Anti -Icing  Group 


5.  Weight  Derivation  - Lend -Based  Attack  Airtime 
Wing  Group 

Water -Based  Total  Wing  Weight 
Adjustment  aade  far  .local  gear 
provisions 

Structural  adjustment  to  basic  wing 
I'ow  removal  of  wing  tip  skis 


Total  Wing  Gro»ip  5,577  lb 


5,489  lb 
-26 
-35 
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Tall  Group 

(same  as  'rater -based  version)  968  lb 

Fuselage  Group 
L « 52,0  ft 

W - 5.0  ft 

H » 4.67  ft  1 

wy  - k5  x L (.;  + H2) 

1 

= 7.1  x 52.0  (5.0  + 4.67*)  - 2,645  lb 

Note:  Difference  In  weight  between  water - 

and  land-based  basic  fuselage  weights 
calculated  from  stress  evaluation  of 
respective  designs. 

Dive  Brakes  (15.5  sq  ft  x 10.0  lb/sq  ft)  155  lb 


Rotary  Bomb  Door  265 
landing  Drag  Chute  Provision  >0 
Guns  and  Anunltlon  Provision  50 
Electronics  Provision  42 
Cabin  Pressurization  Provision  50 
Landing  Gear  Provision  150 
Engine  Installation  Provision  100 
Fuel  Tank  Provision  30 
Surface  Control  Provision  50 
Hyd.  and  Elec.  Systen  Provision  55 


Total  Fuselage  height  >,64fl  lb 


Landing  Gear  Group 

Main  Landing  Gear  (Aft) 

Landing  weight  » normal  gross  weight 
less  50 i fucx  and  boobu  - 22,454  lb 
ULF  * 4.0 

L - 45.5  in.  (£  axle  to  top  0:  oleo 

extended)  0 

Landing  Kinetic  Energy  - --g-i *- 

2 x (52.2  ft/sec") 


14,005,000  ft-lb 
Max  Resultant  Load  - 95, 050  lb 
Brake  Kinetic  Energy  (0.  i x landing  k.e.) 


11,202,000  ft-lb 
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Structure 

45.5  in.  x 7.25  Ib/ln.  330  lb 

Wheels  (36  by  11)  (2  x 59-5)  119 

Brahes  (11,202,000  x 0.000014)  157 

Tires  (56  by  ll)  14  ply  li*0 

Tubes  and  air  25 

Operation  Mechanism  0.06  x 771  k6 


TOTAL 

817  lb 

Hose  Landing  Gear 

Length  Axle  to  £ Trunnion  48  in. 

Max  Resultant  Reaction  14,420  lb 

Structure 

48  in.  x 1.75  lb/in. 

Wheels  (20  by  4.4)  (2  x 15) 

Tires  (20  by  4.4)  10  ply 

Tubes  and  air 

Steering  Mechanics 

Operating  Mechanism  0.10  x 158 

84  lb 
26 

24 

4 

20 

16 

TOTAL 

174  lb 

Wing  Tip  Landing  Gear 

Length  Axle  to  £ Trunnion  44  in. 

Max  Reaction  6,000  lb. 

Structural  Weight 

2 x 44  in.  x 1.0  ib/ia. 

Solid  Rubber  Wheel 

Operational  Mechanism  0.10  x 100 

88  lb 

12 

10 

TOTAL 

no  ib 

Drag  Chute  Installation 

Parachute  (18  ft  dla) 

Release  Uhit 

2\  lb 

16 

TOTAL  37  lb 


TOTAL  1,138  lb  * 


TOTAL  V5IQHT  BC*FC  - IAID-BASH)  ATTACK  AIRPLAHK  17,256  2 b 
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6.  Structural  Weight  Adjus-taaicts  for  Carrier  Basing 

Certain  weight  penalties  are  associated  with  the  carrier 
of  aircraft.  Ebeae  penalties  stem  fro*  throe  structural  considerations: 

1)  Arresting  loads  and  the  mechanisa  required  for  arrested 
landings; 

2)  Catapulting  loads  and  the  provisions  tor  this  type  ox 
take-off;  and 

3)  The  higher  landing  loads  associated  with  higher  sinking 
speeds  and  aowent  of  tbs  carrier. 
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Arresting  provisions  usually  consist  of  a hook,  snubber,  re- 
tracking  and  release  mechanism,  sad  the  structure  required  to 
distribute  the  loads  in  the  airplane  (usually  the  aft  fUselaps). 
Arresting  loads  of  3 to  k g,  depending  on  run-out  length  and  en- 
gaging speed,  are  developed.  Considerable  local  structural  beef -up 
is  usually  required.  The  weight  penalty  'associated  with  arrested 
landing  is  on  the  order  of  0.6  to  0.9  per  cent  of  the  gross  weight 
of  the  aircraft.  This  penalty  would  apply  to  either  wheeled  or 
ski-type  aircraft. 

Catapulting  provisions  usually  consist  of  a pair  ox'  fittings 
or  hooks  to  take  the  forward  and  the  down  loads  of  k g and  2 g 
respectively,  and  a third  fitting  that  holds  the  aircraft  in  start- 
ing position  until  a predetermined  catapulting  load  is  attainad. 
These  fittings  can  usually  be  located  close  to  priaary  structure 
and  result  in  p negligible  weight  penalty  when  expressed  as  a per- 
centage of  gross  weight.  This  sow  penalty  would  apply  to  both 
wheeled  and  ski-equipped  aircraft.  A problem  unique  with  the 
catapulting  of  the  aki -equipped  aircraft  is  the  high  frictional 
loads  because  of  the  ski  an  the  deck  with  the  2 g applied  *.ovn  load. 
A modification  to  the  carrier  deck  in  the  catapulting  area  or  some 
form  of  lubrication  may  be  required  to  alleviate  this  condition. 

Landing  gear  design  criteria  for  carrier -based  operation  are 
based  on  a sinking  speed  of  17  feet  per  second  as  compared  to  10 
feet  per  second  for  normal  land-based  landings.  The  stress  imposed 
on  the  carrier  gear  is  three  times  as  great  as  the  stress  on  the 
land-based  gear. 

These  hicher  loads  cause  a weight  penalty  cf  from  0.8  to  l.k 
per  cent  of  the  gross  weight  of  the  airplane.  Recent  develogm^tc 
In  carrier  design  have  resulted  in  the  canted  deck  concept,  as 
installed  on  the  US3  An  tic  tan.  This  concept  of  a power-on  wire 
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engagement  results  in  sinking  speeds  that  sre  significantly  lover 
and  may  conceivably  approach  those  of  land-based  aircraft.  Loads 
developed  by  ski -equipped  aircraft  landing  on  water  will  be  apprecin! 
lower  than  loads  developed  by  land-based  aircraft.  However,  the  air- 
craft selected  for  the  c onparlscxn  was  considered  to  be  panto-baaed 
so  that  loads  comparable  to  land-based  aircraft  would  be  developed 
and  shock,  absorbing  devices  would  hr.ve  to  be  of  the  sa me  capacity. 
With  this  asa^ption,  the  penalty  associated  with  carrier  baling  sh-  u 
be  approximately  the  same  on  ski -equipped  as  on  land-based  aircraft. 
Studies  have  indicated  that,  as  in  catapulting,  higher  airplane  dnw 
loads  may  be  developed  in  the  carrier  landing  of  a ski -equipped  air 
plane  due  to  additional  friction  between  ski  and  deck.  Ihe  aolutio 
may  lie  in  some  form  of  lubrication  on  the  aki  or  carrier  deck  in  t 
landing  area. 

From  the  foregoing,  it  can  be  concluded  that  structural  problems 
associated  wi  th  carrier  landing  of  the  aki -equipped  aircraft  in  thii 
comparison  are  similar  to  those  of  normal  land-based  aircraft. 


if  a 

■ > "4 ' 4 


